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How ROGERS 
BROS. mounts 
castered rear 
axle of its 200- 
ton trailer on 
Timken bear- 
ings to carry 
high vertical 
thrust loads, 
minimize fric- 
tion, assure long 
bearing life. 











Rogers trailer rolls 200 tons, tires track perfectly 
... With wheels and kingpins on Timken’ bearings 


It's a long 93 feet from truck bumper to end of trailer. 
And it has a huge 200-ton capacity—mounts forty—12 
x 24—14 ply tires. You can see how this Rogers Bros. 
Corp. D-3-W200D trailer compares with its 25-ton 
“baby brother” model in the picture above. Big as it is, 
it rolls easily with 20 dual wheels on Timken" tapered 
roller bearings. Tires in the detachable, oscillating 
rear assemblies, track with the trailer—with Timken 
bearings providing a rigid but friction-free mounting 
for the vertical caster shafts. 
Timken bearings are used because they . . . 

1) Practically eliminate friction. Because Timken bear- 
ings have true rolling motion they roll smoothly, 
retain their precison longer. 

2) Assure maximum capacity, long bearing life. The 
tapered design enables Timken bearings to take any 
combination of heavy radial and thrust loads. Full line 


contact between rollers and races gives extra load- 
carrying capacity. And special quality control in their 
manufacture further assures long bearing life. 

When you build or buy a machine equipped with 
Timken bearings, you receive extra value. That’s be- 
cause of Timken Company leadership in tapered roller 
bearing design and manufacture. And Timken sales- 
men are graduate engineers trained to give you the 
finest technical bearing service available. 

Advantages you buy with Timken bearings: 1) Quality 
you can take for granted. 2) Service you can’t get any- 
where else. 3) The best-known name in bearings. 4) The 
pace setter in lower bearing costs. The Timken Roller 
Bearing Company, Canton 6, Ohio. Cable address: 
“TIMROSCO”. Makers of Tapered Roller Bearings, Fine 
Alloy Steel and Removable Rock Bits. Canadian Division: 
Canadian Timken, St. Thomas, Ontario. 


Industry rolls on 


TIMKEN 


tapered roller bearings 
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THE CONTENTS OF THIS ISSUE IN BRIEF 


To Defeat the Submarine (p. 188) . . . . “Oh where, oh where can they 
be?” might well be the song of the sailor today, for one of the most important prob- 
lems is how to track down the elusive submarine. Rear Adm. P. D. Gallery, retired 
naval officer, points out the importance of submarine detection for national survival. 


The New M60 Tank (p. 193) .... This powerful combat vehicle, armed 
with a British-designed high-velocity gun and powered by a 12-cylinder diesel engine, 
is a notable improvement over previous models, but even more advanced designs will 
be forthcoming, according to Mark S. Watson, noted military correspondent of the 


Baltimore Sun. 


Rockets for Space Power (p. 197)... . To develop in haste and fix at 
leisure is not the creed of the National Aeronautics and Space Administration, accord- 
ing to its Director of Launch Vehicle Programs, Maj. Gen. Don R. Ostrander, U.S.A.F. 
However, technological competition is not the greatest concern but rather the develop- 
ment of space vehicles as rapidly as possible without losing reliability. 


The Disarmament Myth (p- 201) * +» «+ The Communists throw up a 
smoke screen of double talk and double thinking to lull the rest of the world into 
the belief that they will go along with the total disarmament proposal. This, accord- 
ing to famed British author Maj. Reginald Hargreaves, is really an elaborate facade 
behind which the Red Army, camouflaged as paramilitary police, would actually be a 
full-fledged battle-ready force capable of striking at any of its disarmed and helpless 
neighbors. 

General of the Armies John J. Pershing (p. 205) . . ~~ One hundred 
years after the birth of this great American soldier it is fitting that we take a look at 
his life and works and learn to apply something of his courage and organizational 


genius to our present problems. 


Airlift—The Weak Link (p. 206) .. . ~ The Achilles’ heel of our defense 
structure could be the inadequacy of our airlift. The aircraft that MATS employs today 
is outmoded. In addition, there are only thirty-nine really modern planes in the whole 
MATS fleet. Lieut. Gen. Ira C. Eaker, U.S.A.F. (Ret.), tells of the serious implications 
of the airlift shortage as viewed by Congress during recent hearings. 


Make Weapons Simple (p. 209) .... Human engineering is the key to 
acquiring durability, reliability, ease of maintenance, and reduction of costs, according 








to Maj. Gen. Louis V. Hightower, U.S.A., Office of the Director of Defense Research 
and Engineering, Weapons Systems Evaluation Group. Both designer and producer 
must consider this through all phases of equipment development. Decrease in train- 
ing requirements by simplicity of design will help to compensate for loss of build-up 
time should hostilities begin. 


Artillery Forward! (p. 212)... . A vivid picture of men and weapons as 
they fought some of the most rugged battles of the Civil War is drawn by Fairfax 
Downey, famous author and historian. Here is a moving account of the days when the 
howitzer came into its own as a weapon that could seek out sheltered spaces which di- 
rect fire could not hit and when field-gun trails were elevated or depressed to help 
find the target amid mountainous terrain. 


Our New Missile Strength (p. 285) ... . Our ballistic missiles are de- 
pendent upon the reliability of ground-support equipment, which makes up eighty per 
cent of the total missile system. “Beating the clock” is significant in extending our de- 
fense capabilities, Col. W. D. Alexander, U.S.A.F., Headquarters, Air Force Ballistic 
Missile Division, Los Angeles, Calif., tells his readers. We have done well, so far, for 
in only six years we have combined reliability and versatility in our ballistic missiles. 
This and the two following articles are based on addresses delivered at the Forty- 
second Annual Meeting of the A.O.A. held at Cincinnati and Wright-Patterson Air 
Force Base, Ohio. 


Air Force Procurement (p. 289) .. . . How the Air Matériel Command 
plays its role as official “buyer” for the Air Force is described by Brig. Gen. W. R. 
Graalman, U.S.A.F., Deputy for Procurement, AMC, Wright-Patterson Air Force Base, 
Ohio. The AMC supports the Air Force in its endeavors and at the same time assumes 
the responsibility of answering to the taxpayer for expenditure of funds. 


Aerospace Research (p. 292) .... A new type of war faces us today. 
Instead of using spears, cannon, or bombs, we are fighting a technological war which 
requires a breath-taking speed-up of scientific research. Col. Carlo Tosti, Air Research 
and Development Command, Andrews AFB, Washington, D. C., stresses the impor- 
tance of compressing the research period and cutting down lead time and points out 
how these things can be accomplished. 


Soviet Metrology (p. 296) . . ~~ What is the U.S.S.R. doing in the fields of 
standards and metrology? This translation of a Khrushchev speech outlines an en- 
larged and dynamic metrology program which Orpnance readers will recognize as an 
industrial-preparedness program on the other side of the Iron Curtain. 





The elements of guidance and control 


Data Acquisition and Application 
Subsystems —!IBM has proven ca- 
pabilities to provide real-time 
man-to-machine and machine-to- 
machine elements of weapon guid- 
ance systems. In addition to the 
Bombing-Navigation system with 
its visual displays in the B-52, IBM 
also provides interface devices to 
apply this system to air-launched 
missile guidance. Federal Systems 
Division experience in air-based 
and ground-based guidance sys- 
tems is proven in operation. 


Data Communications Subsystems 
—The SAGE data processing sys- 
tem, heart of America’s air defense 
network, embodies advanced com- 
munications devices and tech- 
niques required to filter and direct 
an enormous flow of data. Designed 
and built by the Federal Systems 
Division, the AN/FSQ-7, an ad- 
vanced system in operation, em- 
bodies processing and communica- 
tions power to direct defense 
operations as well as to guide mis- 
siles from remote sites. 


Data Processing and Control Sub- 
systems—Now in development, the 
Advanced Bombing-Navigation and 
Missile Guidance system is another 
example of IBM's ‘‘closed-loop”’ 
system capability. This system sat- 
isfies the operating requirements 
of high-speed, long-range weapon 
systems. Compact, reliable equip- 
ment such as this and Federal 
Systems Division's computer for the 
Titan missile guidance system are 
the result of IBM's vast background 
in data processing and control. 


all systems capabilities of IBM 


IBM’s experience in data processing and data communications, supplemented by an extensive 
background in data acquisition, adds up to a three-way capability for developing, producing and 
integrating total automated systems. This capability is being advanced through continuing 
research in miniature high-speed devices for high-reliability guidance systems of the future. 


Federal Systems Division, 326 East Montgomery Avenue, Rockville, Maryland IBM. 
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Plumbing the Depths? 


Alcoa goes to work immediately on defense projects 


Aluminum is corrosion resistant in steam, high-purity water or salt water. That’s why this water-compatible 
metal holds such promise in marine applications, as in atomic subs and cruisers, for example. Alcoa even 
anticipated the day when water would be the cooling medium for reactors that generate temperatures ranging 
from 500° and higher. We now have several new aluminum alloys able to handle these higher heats. Ask 
yourself where you can use them. For more information, write Aluminum Company of America, 2031-J Alcoa 


Building, Pittsburgh 19, Pa. 


ALCOA ALUMINUM 


ALUMINUM COMPANY OF AMERICA 
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LOW-SHOCK 


TRACKED 


MOBILITY 
FOR 
SENSITIVE 
ELECTRONIC 
EQUIPMENT 


The tactical advantages of full off-road tracked mobility 
in military support vehicles have been well proved in 
many years of field operation. But the idea of trans- 
porting intricate radar and communications equipment 
and fully-assembled missiles over rugged terrain raises 
the question, “What about vibration and shock input 
to sensitive components?” 


The answer — favorable. Carrying a simulated missile 
and sensitive oscillograph recording equipment, an FMC 
tracked vehicle ran a 2,000-mile shock test over our 
proving ground—on 60° slopes, over rough cross country 
terrain, and on high speed roads. Data returns showed 
that the vehicle’s torsion suspension system effectively 
cradled the missile, with a low shock input factor. 


For full details on these tests and other questions of 
adapting tracked mobility for your purposes, contact 
FMC, America’s leading producer of military-stand- 
ardized tracked vehicles. 


For further information, write, wire or phone 
Preliminary Design Engineering Dept., FMC 
Ordnance Division, P.O. Box 367, San Jose, 
California. Phone: CY press 4-8124. 
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Putting ideas to Work 


FeoD MACHINERY AND CHEMICAL 
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Illustrated below are the M-113 
and five vehicle adaptations of 
this basic tracked vehicle. All of 
the vehicles use the same military 
standard equipment, including 
engines, power train, and suspen- 
sion components; thus reducing 
the military logistic burden and 
R&D costs in weapons systems. 
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FMC’s New Liguid Propellant Metering 
System Achieves Accuracy to +0.1% 


Mobile metering and control unit for fueling liquid propellant missiles. 


The crucial reliability of multistage missiles is influenced by the 
accurate measurement and delivery of liquid propellant to the missile 
tanks. For example...a small error in fuel weight could adversely 
affect the in-flight performance of the missile, causing possible failure 
of the entire mission. 

Food Machinery and Chemical Corporation’s Ordnance Division 
has recently developed a mobile liquid propellant metering and han- 
dling system which promises to solve many missile fueling problems. 
The advantages offered by this unique new system are many. 


Accurately measures and records the amount of fuel delivered to 
the missile tanks. Original specifications called for a metering 
accuracy of +0.2%. Extensive tests, recorded by precision test 
equipment, show that the system is capable of metering and de- 
livering missile propellants with far superior accuracy —to +0.1%. 


Automatically compensates for factors influencing fueling accuracy. 
The fuel is continuously sampled and the flow corrected for 
variations in temperature and density. In addition, the fuel which 
vaporizes in the missile tanks is returned to the system, condensed, 
measured, and an equivalent amount added by the metering unit. 


Adaptable to many different missile fuels. The system is designed 
to handle such storable liquid propellants as hydrazine, nitrogen 
tetroxide, Dimazine® (UDMH) and nitric acid. 


Economical to manufacture and safe to operate. To reduce devel- 
opment, manufacturing and operating costs, the system makes 
maximum use of standard, interchangeable, and commercially 
available components. The simple and safe design eliminates 
human errors and danger to operating personnel. 


Mobile and compact. All metering, pumping and control equipment 
is mounted on a single, portable trailer. The complete unit may 
be easily transported, rapidly positioned, and provides a single 
station for the monitoring of fueling operations. 


The successful development of this mobile metering and handling 
system by the engineering staff of FMC’s Ordnance Division is 
another achievement made possible by utilizing the unique combina- 
tion of chemical and mechanical engineering talent available at Food 
Machinery and Chemical Corporation. 





KEARFOTT produces... 


floated rate 
integrating gyros 
for the 


ATLAS, POLARIS and SKYBOLT 
MISSILES 


KEARFOTT DIVISION >) GENERAL PRECISION. INC. 
Little Falls. New Jersey Other Divisions: GPL. Librascope. Link 
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COM =NICE 


total competence in computation and data processing —the breadth, the brains and the background 





The term: created by necessity to distinguish the new concept in computation—the 
computation of Burroughs Corporation. Domain: weapons systems, support sys- 
tems for space, air, land and sea. Qualifications: 75 years devoted to computation 
and data processing; membership on Polaris and Atlas teams; system management 
of the ALRI team; facilities that range from basic research through production to 
field service. Credentials: high-speed computation for Polaris, miniaturized airborne 
data processors for ALRI, the Atlas computers that guided Explorer |, Transit and 
Midas satellites into orbit. Destination: the unknown, where total competence in 
computation and data processing crystallizes into Computence to point the way. 


Burroughs Corporation “NEW DIMENSIONS / in computation for military systems” 





HOW SEMO SIMPLIFIES |} 


SYLVANIA ELECTRONIC SYSTEMS THROUGH SEMO COORDINATES 


SYLVANIA ELECTRIC PRODUCTS INCORPORATED 
AUTOMATIC ELECTRIC COMPANY 
LENKURT ELECTRIC COMPANY, INCORPORATED 
LEICH ELECTRIC COMPANY 
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DELIVERY OF DEFENSE SYSTEMS 


Now under the single direction of your representative in 
SEMO—Systems Engineering and Management Operation 
for Sylvania Electronic Systems—are all the resources of 
General Telephone & Electronics. Included are the vast 
technical skills and facilities of every subsidiary of this world 
leader in communications and electronics. 


SEMO simplifies the job of obtaining complete ‘defense 
systems by providing a single, responsible and accountable 
source for conception, evaluation, engineering and manage- 
ment of major systems. Systems-oriented in concept and 
personnel, it is staffed by members of the General Tele- 
phone & Electronics corporate family. And its sum of talent 
and experience assures completely integrated systems of 
specified performance, delivered on time at competitive 
costs. Benefits are quick-reaction capability, efficiency and 
financial accountability. 

For full information on how SEMO can be of special! service 
to you, write Sylvania Electronic Systems, a Division of 
Sylvania Electric Products Inc., Waltham, Massachusetts. 





SYLVANIA etectronic systems 


Government Systems Management 


for GENERAL TELEPHONE & ELECTRONICS. 


THE DEFENSE SKILLS AND FAC 


ELECTRONIC SECRETARY® INDUSTRIES, INCORPORATED 


GENERAL TELEPHONE. & ELECTRONICS LABORATORIES 
GENERAL TELEPHONE OPERATING COMPANIES 
GENERAL TELEPHONE & ELECTRONICS INTERNATIONAL 
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CAE invites your inquiries, and 
points to past performance as 
the best indication of what it 
can do for YOU. 


Y 
‘ 1) iS 


When you entr Flopment project to CAE, 

Brees | ls = i . ‘ TTT 
you tap a vast ri jpecralized experience—enlist technical 
knowhow of a very specia sort. CAE's record of accomplishment 
is typified by, but by no means limited to, the six units shown at 
the right, Physical facilities implementing its skills are unsurpassed. 
They include modern-to-the-minute laboratories—computing, elec- 
tronic, chemical, metallurgical, fuel metering, stress, and compo- 
nent testing—complete environmental facilities—equipment amply 
adequate for all phases of the job. 


CAE is also equipped for a wide variety of sub- “9 *****#seeeeeeeene0 
contracting operations. Detailed information about 
its production facilities will be sent on request. 


® 
CONTINENTAL AVIATION & ENGINEERING CORPORATION 


12700 Kercheval Avenue + Detroit 15, Michigan 
WEST COAST SALES OFFICES: 18747 SHERMAN WAY, RESEDA, CALIFORNIA 
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for research, design, L A Y | U T 


and development .. . 
in electronics, 


aircraft, missiles, and s ET-U B B Rete KS 


metal fabrication, 
maintenance and 


plant engineering or WELDING PLATENS 
TOOLS and ACCESSORIES 





SERVING INDUSTRY Each Block or Platen has 134” square holes, spaced 
approximately 3’2” center to center. These holes 

EVERYWHERE are used for clamping, dogging or spacing. The 
Blocks can be easily joined together to make a 

‘ : ’ table in various multiples. The working surfaces 

Used singly or in multiple and side edges are machined to within .005” de- 
groupings, ACORN Welding gree of flatness. Blocks are semi-steel castings, 
t with a tensile strength of 30,000 to 32,000 Ibs. per 

Hatens ov Gending Glecks eve square inch. Arm Clamps, Hold-Down Dogs, Drift 
standard equipment in many Pins, Hold-Down Bolts, Angle Blocks, etc., also 


shipyards, railroads, pipe and Write today available. 


steel fabricators, welding for 


= illustrated 
shops, research laboratories, asia 


selene A CORN 
OUR 56th YEARe eeeeeee IRON and SUPPLY CO. 


Delaware Ave. and Poplar St. 


Philadelphia 23, Pa. 
WAlnut 2-7070 
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RELIABILITY... 


every missile must count. A wasted firing due to a 
minor-part malfunction results in appalling losses in 
time and money. Combat condition failures are even 
more disastrous. Vitro Laboratories, under contract 
with the U.S. Navy Bureau of Ships, has developed 
advanced mathematical approaches to make relia- 
bility a predictable feature of design. Over a thirty 
month testing period predicted failures correlated 
strikingly with actual results. Tested equipment in- 
cluded radars, radar repeaters, radio transmitters and 
receivers, and radio terminal equipment. Reliability 
is another reason why Vitro is a leading name in 
systems engineering today. = 


SCIENTISTS AND ENGINEERS: JOIN THIS TEAM. ULI 





VITRO LABORATORIES / Division of Vitro Corporation of America/SILVER SPRING, MD. e WEST ORANGE « EGLIN AFB, FLA. /OVERSEAS: GENEVA « MILAN e BOMBAY 
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KOLLMORGEN STARFINDER 
Polaris missile submarines use the 
Kollmorgen-designed and built Type 11 
periscope—the world’s largest—for pinpoint 
fixes by celestial navigation. Reference stars 
are programmed into the sub’s stabilization 
computer in advance as celestial navigation 
coordinates. The Type 11 periscope then 
trains on a reference star, with adjustment 
by the operator as necessary, and feeds an 
error signal back through to the ship’s iner- 
tial navigation system, which is automati- 
cally corrected. The precise position data 
necessary for optimum execution of the 
submarine’s mission is thus assured. 

Send for our illustrated, twenty-four 
page brochure describing Kollmorgen ex- 
perience, skills and facilities. 


OLLMORGEN 


CORPORATION 
NORTHAMPTON, MASSACHUSETTS 


NUCLEAR REMOTE VIEWING EQUIPMENT @© SUBMARINE 
PERISCOPES @ OPTICS @© BORESCOPES @ MOTION 
PICTURE AND TELEVISION LENSES @ PRECISION OPTICAL 
INSPECTION AND ALIGNMENT DEVICES @ ELECTRONIC 
CONTROLS AND COMPONENTS @ NAVIGATIONAL AIDS 


WESTERN TECHNICAL REPRESENTATIVES 
COSTELLO & COMPANY, LOS ANGELES, CALIFORNIA 


Resumes invited from qualified optical engineers 
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WHITE 

SUPERIOR ENGINES 
selected for ATLAS 
launching sites! 


At USAF Atlas launching sites throughout the United States, 
prime and standby power will be supplied by White Superior engines! 
The Army Corps of Engineers, Kansas City, Missouri, 

has purchased 149 eight-cylinder supercharged Model 40 
Superiors, each driving a 500 KW generator. These engine-generator 
sets will produce precise frequency for operation of computers 
and other electronic equipment. Six of the 13 planned Atlas 

ICBM squadrons will feature underground silo-type launching 
sites. Here an additional task for the Superiors will be powering 
elevator machinery to lift the 120-ton ICBM’s to ground level, after 
they have been fueled and checked out down under. 


WHITE DIESEL ENGINE DIVISION 
THE WHITE MOTOR COMPANY 
Plant and General Offices: Springfield, Ohio 


The contract for 149 Superiors highlights a growing and 
impressive list of Superior-powered U.S. defense installations. 
Included are the “Texas Towers,” portions of “DEW” line and 
“SAGE” project, Eglin Gulf Test Range and other missile tracking 
ranges, and numerous launching sites for other types of missiles. 
Acceptance of Superior engines for these assignments is 
convincing evidence of their rugged dependability, trouble-free 
performance and economical fuel consumption. Superior engines— 
215 to 2150 HP or 150 to 1500 KW—will also meet your 

exact power requirements, including automatic, unattended or 
remote controlled operation. Write for complete information today! 


USAF artist’s conception of Atlas underground 
silo for launching missiles 
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Bundy can mass-fabricate 


practically anything 


% Ne 


. . . with Bundyweld®— double-walled steel tubing that is 
adaptable to a whole host of applications. 





HATEVER your tubing problems, the Bundy man awaits your call. That's 

because tubing problems are Bundy’s business, and Bundy engineers 
with years of tubing experience — can often come up with a design angle that'll 
save you time and money. 

But the Bundy service doesn’t end there! Specially designed Bundy machines 
take over the mass-fabrication of these parts in unlimited quantity. And to 
meet rigid specifications, we use Bundyweld — the original double-walled steel 
tubing—the safety standard in small diameter tubing. Thinner-walled Bundyweld 
is stronger and gives you higher bursting and fatigue strengths. Meets ASTM-254 
and Government Spec. MIL-T-3520, Type III. 

Why not bring your tubing troubles to Bundy? See Sweet’s Product Design 
File le/Bu . . . or write Bundy Tubing Company, Detroit 14, Michigan. 


Bundyweld is the 
original tubing double- 
walled from a single 
copper-plated steel 
strip, metallurgically 
bonded through 360° 
of wall contact for 
amazing strength, 
versatility. 


There’s no substitute for the original Bundyweld Tubing. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remarkably 
resistant to vibration 
fatigue; has unusually 
high burstingstrength. 
Sizes up to *s” O.D. 


BUNDY. TUBING COMPANY 


HOMETOWN, PA. « DETROIT 14, MICH. © WINCHESTER, KY. 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, ITA 
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GAR WOOD HC-4 CRANES devel- 
oped for military helicopter airlift, 
offer 4000 Ib. capacity .. . fully hy- 
draulic operation. Cantilever-type 
boom telescopes from 8 to 16 feet. 


GAR WOOD -ST. PAUL DUMP BODIES 
are reinforced to eliminate spread- 
ing, sagging or warping. Telescopic 
and arm-type hoists are preferred 
for smooth operation. 


EVEN THE HARDEST JOB CAN BE MADE EASY... 
by equipment that is easy to operate and easy to 
maintain. With Gar Wood, you get advanced features 
that give maximum ease of operation and maintenance. 
Check the complete line of Gar Wood truck equipment 


for ease of operation 
and maintenance 


GAR WOOD WINCHES will never 
stick or freeze! Clutch is fully 
enclosed to keep rust, weather 
and dirt out. Self-engaging 
clutch prevents slipping. 


and construction machinery. Write to Customer Service 
Dept., Gar Wood Industries, Inc., Wayne, Michigan. 


GAR WOOD EXCAVATORS with 
independent travel let opera- 
tor hoist or swing while mov- 
ing. Compact machinery deck 
makes parts easily accessible. 


at 
CTT 1 Leleyt se 
INDUSTRIES, INC. 


Wayne, Michigan 
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...aboard the Navy’s first nuclear-powered cruiser, the Long Beach 
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Fire Control by SPERRY 


When the Navy’s first nuclear-powered 
surface ship—the Uss LONG BEACH—joins 
the fleet, she will have a cruise capability 
of better than 30 knots, with virtually 
unlimited range, and she will be armed 
with the surface-to-air Talos and Terrier 
missiles. The most advanced ship of her 
kind, the “CGN-9” will have the most 
advanced shipboard missile control 
equipment: Sperry. 

Forward, Sperry SPG-55 missile- 
guidance radar directs the Terrier mis- 
sile. Aft, Sperry SPG-49 super-radar 


SURFACE ARMAMENT DIVISION, SPERRY GYROSCOPE COMPANY, DIVISION OF SPERRY RANL 
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controls the longer range Talos missile. 
Amidships, and in the protected below 
deck region, are the brains of the sys- 
tems, the computer complex. The Sperry 
Weapon Direction Equipment (wpe) 
evaluates target threat and decides which 
missile to fire at the selected target. The 
Sperry Mk 111 computer reads target 
position data from the SPG-49, calcu- 
lates the best missile-to-target flight 
path, and positions the guidance beam 
generated by the Sperry SPW-2 Radar. 
Then it evaluates “kills.” 


With her combination of speed, range, 
firepower, and advanced Sperry fire con- 
trol and navigation equipment, the LONG 
BEACH will make a formidable argu- 
ment for peace when she joins the fleet. 


sPEARY 


>ORPORATIQ@N, GREAT NECK, NEW YORK 
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For Terrier and Talos missiles and warheads... new 
shipboard handling and stowage systems by Loewy 





























With its achievements in missile and rocket ground 
handling and launching equipment already a 
matter of record, Loewy-Hydropress is now 
designing and building shipboard handling and 
stowage systems for the Terrier and Talos missiles 
and warheads. One system is to be installed on the 
first nuclear-powered cruiser, U.S.S. Long Beach ; 
another on the CG 10 Class cruisers; and a third 
on the CVA 63 Class aircraft carriers, which are 
presently under construction. 


When you call on Loewy, you are availing yourself 
not only of remarkable ingenuity, but also of 
wide experience. The Loewy system for testing and 
flight-firing launching vehicles of earth-circling 
satellites has been functioning without failure for 
more than two years. 


Loewy’s giant Shaker installation, which simulates 
actual motions of seagoing ships for test-firing 
the Polaris missile, is in successful operation at 
Cape Canaveral, Florida. 


For detailed information on how we can possibly 
help you, write Dept. H-9. 








One phase of a Loewy handling, mating and 
stowage system for warheads on shipboard. 


BALDWIN - LIMA: HAMILTON 
Loewy-Hydropress Division « 111 Fifth Avenue, New York 3, N.Y. 
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Hydraulic machinery 
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Bulova escapement used as an integrating accelerometer 


Bulova’s unusually creative teams of 
scientists and engineers play an ever 
increasing role in the vanguard of pre- 
cision design and development. Con- 
sider the nature of a Bulova escape- 
ment; it’s generally employed as a 
second-order integrating accelerometer. 
However, the basic mechanism lends 
itself ually well to rotational motion 
A unbalanced rotors in an accelerating 


= drawing above shows an inertial 
element, or weight, coupled to a run- 
away escapement by a rack. A safe- 
arm latch locks the system until mis- 
sile launch. Under acceleration the es- 
capement will delay the weight from 
moving through its stroke, s, accord- 
ing to the following: 


= ,/K_ 
(1) t= 4/5 


Where t is the time for the weight, W, 
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to traverse its stroke, s, under an ac- 
celeration a, K is the mechanism con- 
stant which takes into account the 
gear ratio; the moment of inertia of 
the system as reflected at the pallet 
wheel; and the number of pallet cycles 
involved during stroke s. 


If the acceleration is constant, the 
change in distance of the missile dur- 
ing ¢ is 


a: -!_ ace 
Ss= 2 agt 


2S 
ag 
Equating (1) and (2) 
2S 
ag ag 


It is thus evident that, for a given es- 


(2.) t 


capement with a given stroke, the dis- 
tance integrated is constant, and is 
independent of acceleration. 


Bulova developments in the field of 
time measurement are particularly 
significant because they advance the 
state-of-the-art with existing systems 
and elements... with existing compo- 
nents of proven reliability and accu- 
racy. But, continuing study of new 
concepts keeps Bulova systems years 
ahead—ready to meet the future needs 
of both the military and industry. 


BULOVA 


Research & Development Laboratories, tac. 
62-10 Weedside Avenue, Woodside 77, W. Y. 
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...and it runs in a family! 


Today the Army is testing prototypes for a completely 
new “family” of medium duty, rubber-tired, multi- 
wheel drive vehicles. Vehicles that will be light 
enough to be transported by air, tough enough to take 
a parachute drop and travel roughest terrain, versa- 
tile enough to either speed along a highway or float 
across a river. 


Competitive designs for these amazing new ve- 
hicles have been submitted by three major automo- 
tive manufacturers and each builder’s ideas differed 
widely from the others in basic concept. So different, 
in fact, that each design demands entirely differ- 
ent types of driving axles and components. It is no 


wonder then, because of Rockwell-Standard’s 50 years 
of experience in supplying the military with the in- 
dustry’s most complete line of driving assemblies, 
that each of the three competitive manufacturers con- 
sulted with our engineers on the power transmission 
problems. As a result. . . all three prototypes are 
equipped with Rockwell-Standard® Axles. 


If you are a designer or builder of military vehicles 
and confronted with a problem involving driving as- 
semblies, be sure to consult with Rockwell-Standard. 
Our experience, facilities and complete line of axle 
components will save you valuable time and help in- 
sure the dependability of your finished vehicle. 


talon +) 41mm @IBY 
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What goes up must fly true. To maintain this condition, 
Librascope has packaged the rectangular, polar and spherical 
geometries of flight...in computers easily held in a man’s 
hand or held aloft by an economic expenditure of power...computers 
unexcelled for 22 years at calculating flight paths, interception 


courses, fire control trajectories...with answers that come 
0 M PI) ERS out fast and right. They offer a challenging capability to 
alert project Silas and design engi- 


neers. Write to Librascope, 808 Western Avenue, ue Glendale, Calif. = 
Librascope, A Division of General Precision, Inc. = For information on 


engineering career opportunities, address Glen Seltzer, Employment Mgr. 


computers that pace man’s expanding mind 
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“Mein Gert, jawohl, durch... “El pene ano 


wi : = A B 
| xj= = ; exp ( ‘ ‘ P= A- A-B Ew.a J As A-pexe 


7200 idea-exchangers in 
Each of ITT’s 101 plants and laboratories (a total of 136,000 em- 
ployes) is, by the nature of ITT’s farflung organization, a meeting 
place for the scientific minds of the world. Ideas pour in, rub shoul- 
ders, take off, result in: a fully automated post office in Providence, 
a a a multiplier tube that detected water vapor on Venus.. a 


RESEARCH & DEVELOPMENT/EL MENTS/AIR & MARINE NAV TION/ELE ONIC COMPONENTS / MILITARY-SPACE ELECTRONICS/ 





“Thank you, gentlemen. 
Your experience in 
your countries has been 
ie : of infinite value to us. 
Sil vous plait... In a few years, I think fully 
i 


Ti 
H (x) ie - : bp log Pp es 6 
- j ; 


automated post offices are going 
to be as American as appleTI.” 


~\. 
~ 24 countries work for ITT. 


satellite system that could make worldwide TV a matter of a few 
years. As a signal can be bounced from one planet to another, 
so can an idea grow in bouncing from one mind to T TT ain) 
another. International Telephone and Telegraph 
Corporation, 67 Broad Street, New York 4, N. Y. oe 
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15 THOUSANDTHS OF A SECOND 
IS A VERY LONG TIME 


It’s much faster than you can wink an eye, yet time enough for 
Bell Laboratories’ new high-speed switching terminal to transfer 
your voice to another channel while you are talking by telephone. 


The new terminal—recently introduced on the transatlantic 
cable—uses the idle time in the conversations of talkers on a group 
of channels to provide paths for other talkers. This time-sharing 
technique, called Time Assignment Speech Interpolation, permits 
the sending of 72 simultaneous phone conversations over this deep- 
sea system where only 36 could be sent before. 


TASI takes advantage of the fact that in a normal telephone 
conversation you actually talk less than half the time. You do not 
talk when you are listening, and even when you do talk there are 
pauses between sentences, words, and syllables, When there are 
more talkers than channels, TASI puts this idle time to use. 


Scanning each circuit thousands of times a second, TAS! in- 
stantly notices when you aren't talking, then quickly switches in 
someone who is. TASI also notices when you resume talking, im- 
mediately finds a channel not in use that moment and switches you 
to it. Your voice may be switched many times during a single con- 
versation in a time too fast —about 15 milliseconds—for your ear to 
perceive. 

The TASI switching terminal was rendered feasible by the 
transistor —an invention of Bell Telephone Laboratories. More than 
16,000 transistors are employed to achieve the compact, dependable, 
high-speed circuitry required. TASI is another example of how Bell 
Laboratories works to keep your telephone service the world’s finest. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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New Graphite Process 

A new process which substantially re- 
duces the time and cost of making molded 
graphite, used as a moderator in certain 
types of nuclear reactors, has been devel- 
oped for the AEC by the Armour Re- 
search Foundation of the Illinois Institute 
of Technology. 

In the conventional graphite-manufac- 
turing process, a carbon-containing ma- 
terial such as petroleum coke is mixed 
with a “binder” such as coal-tar pitch. 
The mixture is molded and requires sup- 
port while being heated te temperatures 
as high as 2,700 degrees Fahrenheit to 
burn out the noncarbon materials. After 
cooling, the resultant carbon is reheated 
to approximately 5,000 degrees Fahren- 
heit causing the carbon to crystallize into 
graphite. 

In the Armour process, the carboniza- 
tion and graphitization steps are com- 
bined into a single heating and cooling 
cycle. A synthetic binder, furfuryl alco- 
hol is combined with petroleum coke and 
heated directly to the graphitization tem- 
perature without intermediate cooling. 
Carbonization takes place during the early 
stages of heating. This technique is pos- 
sible because furfuryl alcohol is a ther- 
mosetting material which hardens when 
heated. 

A body fabricated with this binder does 
not require support during the carboniz- 
ing phase as does a body utilizing conven- 
tional binders which tend to liquify at 
high temperatures. This eliminates the 
necessity for cooling down and removing 
the specimen following carbonization. The 
ARF single-cycle process cuts the time 
necessary for making laboratory graphite 
specimens of comparable size from nearly 
two weeks to approximately two hours. 


Radioactivity Reports 

Arrangements have been made for pub- 
lic reporting, on a regular basis, of radio- 
activity data collected in the vicinity of 
major AEC installations. The initial group 
of reports became available in July. Wider 
coverage and great uniformity in methods 
of presenting the data are expected as the 
program develops. 

Quarterly and annual summary reports 
of environmental radioactivity data will 
be provided by the Commission’s con- 
tractors to the AEC area or operations 
offices which will provide these reports 
and summaries to the Commission for 
transmittal to the U. S. Public Health 
Service. Copies of the reports also will be 
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IF YOUR PRODUCTS HAVE TUBULAR PARTS 
THEN CONSIDER LOW-COST 


CLEVELITE’ 


laminated phenolic tubing 


lighter than aluminum 
structurally strong 
moisture resistant 
in 7 Distinct Grades 


Engineers are discovering that 
time-tested Clevelite has many ad- 
vantages in products using tubular 
parts, and at lower unit cost. These 
advantages are proven daily on 
the production line and in the field. 


TYPICAL APPLICATIONS FOR 


CLEVELITE* 


Coil forms for radio and television 
sets...Insulators for electrical 
equipment... Bushings and spacers 
for small motors . . . Cores for trans- 
formers ... Housings and barrels 
for toys... Bobbins, dyeing cores, 
etc., for the textile industry... PLUS 
many other unique applications. 


Write for a copy of our descriptive brochure. 
*Reg. U. S. Pat. Off. 
THE 
CLEVELAND CONTAINER <2<sss: 
PRESCOTT, ONT. 


COMPANY ° 
6201 BARBERTON AVE, CLEVELAND 2, OHIO SALES OFFICES: 


ABRASIVE DIVISION at CLEVELAND, OHIO a7 veee 


WASHINGTON 

MONTREAL 

REPRESENTATIVES: 

NGLAND: R. S. PETTIGREW & CO. CHICAGO AREA: McFARLANE SALES CO. 

“0 N MAIN ST., W. HARTFORD, CONN. 5950 W. DIVISION ST., CHICAGO 

NEW YORK AREA: MURRAY SALES CO. WEST COAST: COCHRANE ELECTRONIC SALES CO. 
604 CENTRAL AVE., EAST ORANGE, N. J. 544 S. MARIPOSA AVE., LOS ANGELES 


PHILADELPHIA: MIDLANTIC SALES CO. CANADA: PAISLEY PRODUCTS CO. LTD. 
9 E. ATHENS AVE., AROMORE, PA. 36 UPTON RD., SCARBOROUGH, ONT, 


CLEVELAND 
CONTAINER 
CANADA, LTD. 


PLANTS & 
SALES OFFICES: 


CLEVELAND 
DETROIT 
CHICAGO 
MEMPHIS 
LOS ANGELES 
PLYMOUTH, WISC. 
JAMESBURG, N. J. 
FAIR LAWN, N, J. 
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, 313 6th Ave., Pittsburgh 22, Pa. 


of America 


lety 


Instrument Soc 


For details write 


Atomic Energy (Contd.) 








made available to interested groups or in- 
dividuals on request. 

The data are produced from routine 
monitoring programs around Commission 
plants and laboratories where operations 
are of such nature that plant perimeter 
radioactivity monitoring surveys are re- 
quired. This monitoring is done in order 
to check controls and determine the ef- 
fect, if any, upon surrounding areas. 


Neutron Irradiation 

With industrial irradiation facilities be- 
the Atomic 
Commission has reaffirmed its policy of 


coming available, Energy 


performing neutron irradiation services 
in Commission-owned facilities for com- 
mercial firms and private institutions only 
if privately owned facilities are not rea- 
sonably available for the services required. 
Similarly, foreign requirements for irradi- 
ations will be fulfilled by the Commission 
only if private sources are not reasonably 
available to do the work. 

The action is in line with the Commis- 
sion’s general policy to reduce and even- 
tually eliminate its sales and services in 
fields 
reasonably available. Private facilities of 


where industrial sources become 


varying degrees of capability are now 
available for commercial irradiations, and 
additional facilities are in prospect. For 
the most part, these facilities should be 
able to perform all desired commercial 
irradiations. 

Neutron irradiation services from Com- 
mission facilities have been used by com- 
mercial concerns for radioisotope produc- 
tion, neutron irradiation of prospective 
fuel elements 
nents, and for testing 
under pressures and temperatures occur- 


and reactor core compo- 


various materials 


ring in an atomic reactor. Commission- 


owned test and research reactors have, in 
the past, served as industry’s major soufce 
of these services. These reactors will con- 
tinue to operate, but work will be limited 
to AEC projects and other projects spe- 
cifically approved by AEC. 


Mammoth New Synchrotron 
The Alternating Gradient Synchrotron 
(AGS) at Brookhaven National Labora- 
tory, one of the world’s two largest oper- 
ating particle accelerators, ran for the first 
time recently, producing a beam of protons 
at an energy of more than 30 billion elec- 
tron (Bev). This is the highest 
energy ever attained by a particle accel- 


volts 


erator. Before reaching this energy, the 
AGS had run for about an hour at 24 
Bev. 

The completion of the AGS represents 
an important step forward in AEC-spon 
the 
properties of subnuclear particles. It will 
enable scientists in the United States to 


sored studies of nuclear forces and 


study nuclear interactions at energies 


about five times greater than ever before 
possible. 


Construction of the AGS, which in- 
cludes 240 magnets placed in a ring- 
shaped 18-foot-square tunnel a half mile 
in circumference, was started in late 1955, 
following several years of preliminary de- 
sign work. 

In the AGS, the protons are accelerated 
in three stages. The first stage utilizes a 
Cockcroft-Walton generator, where pro- 
tons, derived from a low-pressure hydro- 
gen gas discharge, 
750,000 volts. The second stage of accel- 
eration takes place in the linear accelera- 
tor, or linac. In the 110-foot-long vacuum 
tank of the linac the protons are given an 
incremental velocity as they pass through 
each gap between 124 accelerating elec- 


are accelerated to 


trodes activated by a high-frequency elec- 
trical source. 

The proton beam, having now reached 
an energy of 50 million electron volts, is 
guided from the linac into the main syn- 
ring through an elab- 
debunching 


chrotron magnet 


orate injection system of 
(smoothing out the pulses as they come 
from the linac), deflecting, focusing, and 
monitoring equipment. The third stage of 
acceleration is performed in a half-mile 
circular concrete-lined tunnel buried under 
twelve feet of earth, housing the magnet 
assembly for the AGS. 

It is the function of the main magnet, 
240 
weighing some 16 tons, to bend the pro- 


which is divided into units each 
tons into a circular racecourse and to ap- 
ply strong focusing forces which always 
tend to bring the protons back toward 
their orbit within the vacuum chamber 
whenever they tend to stray away from it. 

The magnet itself does not increase the 
of the beam. This is 


12 radio-frequency accelerating stations 


energy done by 
around the ring, each one accelerating the 
beam by 8,000 volts each time it passes. 
Thus, for each circuit around the ring, 
the protons gain some 100,000 electron 
volts. Consequently, in order to reach the 
final energy of 30 Bev, approximately 
300,000 revolutions must be made. 
Toward this 
period the protons are traveling at a ve- 
locity of approximately 186,000 miles a 


the end of acceleration 


second. At this velocity, the mass of the 


protons has been increased more than 
thirty times, as predicted by Einstein’s 
theory of relativity. 

The proton beam is then directed at ap- 
propriate target substances, thus produc- 
ing reactions which can be studied by 


means of the emitted radiations. 


Gas-Cooled Reactor 

The Atomic Energy Commission has 
signed an agreement with the Tennessee 
Valley Authority under which TVA will 
operate the Commission’s flexible, experi- 
mental, prototype gas-cooled reactor at 
Oak Ridge, Tenn. 

The agreement provides for financial 
TVA toward the re- 
(Continued on p. 179) 
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If it moves in 
3 gdimensions... 


Manned or unmanned, guided or ballistic... the Columbus Division of 
American Aviation can build it. The Columbus Division has complete 
systems management capability. It has the R. &D. facilities Side by side with ther 
engineering resources. It has systems management experience along with theoreti 
knowledge. That is why so many of the significant; Wivances in electro-me 
electronics systems, propulsion and environments ysteths, and other ares 
familiar domain at the Columbus Division én Zt the me sepiete cente 
advanced systems technology in the world. ee. Mie ak 


NEW TARGET MISSILE—Two missiles in one, 
this high or low level supersonic target missile for 
U.S. Army is now in development at Columbus 
Division. Launched by solid booster, ramjet- 
powered, it performs from subsonic up through 
Mach 2, and from ground level to 60,000 feet. 
NAA Columbus also produces Navy's A3J Vigilante, 
world’s most versatile Mach 2 manned weapon sys- 
tem, and the T2J Buckeye multipurpose jet trainer. 


THE COLUMBUS DIVISION OF es 
NORTH AMERICAN AVIATION, INC. 


Columbus, Ohio 
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actor project, both during the current de- 
sign and construction phase and the later 
operational phase. Estimated cost of the 
plant is $30,000,000. 

The reactor will provide important ex- 
perimental facilities for testing fuel ele- 
ments, gas coolants, and reactor materials 
in connection with the Commission’s gas- 
cooled reactor development program and 
also will produce about 25,000 electrical 
kilowatts, using a turbogenerator to be 
relocated from the steam plant at the 
Oak Ridge Gaseous Diffusion Plant. The 
power will be used at the Commission’s 
installations in Oak Ridge. 

The agreement, which extends through 
June 30, 1968, calls for TVA to provide 
some design and construction assistance, 
train operating personnel, assist in pre- 
operational inspection and testing, and 
operate the reactor. The agreement also 
provides for purchase of stand-by power 
by the Commission from TVA for use 
when the reactor is not producing power. 


“Atoms at Work” Exhibit 


The AEC’s atomic-energy exhibit, 
“Atoms at Work,” will be presented in 
Lahore, Pakistan, on November 6-26, 
1960. Leading scientists from both East 
and West Pakistan are expected to visit 
the U. S. pavilion as observers or take 
an active part in the exhibit. 

The 3-week presentation, a part of a 
Commission’s program designed to ac- 
quaint people of the free world with the 
increasingly important role that nuclear 
energy is playing in their everyday lives, 
will feature more than thirty displays, in- 
cluding an operating research and train- 
ing reactor, models of power reactors, 
demonstrations of the uses of radioisotopes 
in medicine, agriculture, and industry, and 
a technical information center. 

The exhibit, which will cover an area 
of more than 12,000 square feet, was 
shown in Cairo, Egypt, last May and 
then was shipped to Pakistan. The ex- 
hibit will be staffed by fourteen guides 
and demonstrators from universities and 
atomic-energy laboratories in Pakistan. 
Ushers and other employees will be re- 
cruited from the Lahore area. 

Actually, “Atoms at Work,” is two 
scientific exhibits in one. The main sec- 
tion, open to the general public, will be 
a demonstration of the many ways in 
which atomic energy is being used for the 
betterment of mankind. 

The second portion of the exhibit will 
be available to scientists and Pakistan 
Government officials. The area will in- 
clude the operating reactor and the reac- 
tor-simulator section. 

In this portion of the exhibit a num- 
ber of cooperative research programs will 
be carried out by Pakistani and American 
scientists. 
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tests prove «- 


‘ve, ef 


unequaled reliability << 


*Recent tests were author-~ 
ized by the Ballistics Missile 
Division of the Air Force, to 
evaluate the suitability of 
valves for use in propellant 
loading systems for Atlas 
Launch Sites. . 


Vacco 1% in. Manually 
Operated Shut Of Valve 


Vacco, manually operated, 14% in. Valves. were tested at 
6000 PSI He. for 500 cycles and performed in the following 
manner 
INTERNAL LEAKAGE .000063 SCFH max. 
SEATING TORQUE 8.7 to 16.6 ft. Ibs. 
UNSEATING TORQUE 5.8 to 11 ft. Ibs. 
RUNNING TORQUE 15 in. Ibs. max. 
MIGRATION 


Vacco Valves are best known in the industry as consistant, 
reliable performers. Be sure to check Vacco design, work- 
manship and service before specifying hi-performance 
valves. 


-——=: Write for performance data and complete specifications 
for Vacco Valves and Pressure Regulators, to 10,000 PSI. 


vacco valve co. 





1445 Li'iocOomeBeE AVE. 





EL MONTE, CALIF, 





Three generations of ARMA computers: 


THE THIRD GENERATION 


Package small...gqguidance true 


The itinerant bee has nature's simplest 
yet most advanced guidance system. His 
built-in computational abilities — certain- 
ly his miniaturization—haven’t yet been 
approached by man. 

ARMA, however, is showing the way. 
A six-year computer miniaturization pro- 
gram, completely company-funded, is 
producing a family of progressively small- 
er and more sophisticated computers for 
use in man-made guidance systems. Here 
is the result thus far in this continuing 
program. 

Small: ARMA’s operational comput- 
er, now in use in inertial guidance 
systems, employing all semi-conductor 
circuitry, printed wiring techniques and 


conventional logical design organization. 

Smaller: asecond- generation computer 
...all-solid state, with no moving parts, ap- 
plicable toal/ types of navigation,embody- 
ing 1/4 the volume, 1 /3 the weightand 1/15 
the power requirements of its predecessor. 

Still Smaller: the third member of the 
family. This microminiature computer, 
to be completed in 1961 from compo- 
nents now in existence, will be 1/25 the 
volume and 1/10 the weight of the first- 
generation model while performing the 
same guidance and control computa- 


tions. It will have application in missile 
guidance, space navigation and guidance, 
orbit transfer problems, submarine navi- 
gation and periscope stabilization. The 
reliability of this sophisticated product 
will be assured by thorough testing in 
ARMA’s environmental facilities— most 
complete in the industry. 

ARMA, Garden City, N.Y., a division 
of American Bosch Arma Corporation 
. . . Supplier of precision inertial guid- 
ance systems for long range Air Force 


missiles . . . the future is our business. 


Attention Engineers: Write to E. C. Lester at ARMA about career openings in R & D programs. 


AMERICAN BOSCH ARMA CORPORATION 
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FROM GREAT LAKES STEEL 


TWO NEW STEELS—HARDER FOR HARDER JOBS 





XA! 


RESISTANT 
STEELS 


HARD ENOUGH AND TOUGH ENOUGH TO LAST 


Is abrasion your constant enemy? If your equipment meets materials as they’re scooped, 
shoved, slid, pushed, dragged or dumped, does it face the recurring threat of downtime 
for repairs or replacement? To eliminate such maintenance headaches, Great Lakes Steel. 
has developed two tougher, harder alloy steels—X-A-R 15 and X-A-R 30. They’re supplied 
in hardnesses from 360 to 400 BHN (or, by agreement, in a range of hardness between 
265 and 500 Brinell). And they’re especially effective and economical in those critical 
bear-the-brunt areas of the equipment where wear is worst—liners, teeth, bars, blades and ¥ 
plates, for example. Under conditions that commonly wear out equipment in a hurry, X-A-R 
abrasion-resistant steels outwear any other type of steel. 


Great Lakes Steel is a division of 





WHERE MATERIALS COLLIDE WITH EQUIPMENT 


Chemical composition alone is not the secret of low carbon X-A-R steels; their 
balanced combination of uniformity, high strength, hardness and toughness 
.is the result of close control during heat-treating, quenching and tempering. 
This makes them more workable, too. Under normal welding and fabricating 
conditions use X-A-R 30. For extremely difficult problems, such as welding A PRODUCT OF 
under cold conditions or extensive flame cutting, choose X-A-R 15. 
*  X-A-R abrasion resistant steels are immediately available in 4%” to 1” 
thicknesses, widths up to 72” and lengths up to 35’. For technical information G R E A T L A K E 5 5 T E E L 
and supply sources, see next page. Detroit 29, Michigan 
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XAR- 
TECHNICAL INFORMATION 


CHEMICAL COMPOSITION 


X-A-R steels are furnished at two specified carbon ranges. These are 14 to 20 carbon for X-A-R 
15 and 25 to 30 carbon for X-A-R 30. The balance of the typical composition is: 
Manganese .. 80% Chromium 
Phosphorous . iia Molybdenum 
Sulphur .028 Zirconium 
Silicon .60 

At Brinell Hardnesses of: 
TYPICAL MECHANICAL PROPERTIES 363 400 
Tensile Strength, psi 180,000 200,000 
Yield Strength, psi 165,000 180,000 
% Elongation in 2”* ey 17 16 
%Y Reduction in Area’ satcitentet ina a Aor 56 55 
Charpy V Impact at —75°F. 12 (Ft. Lbs.) 7 


ENGINEERING DATA men 


Resistance to Atmospheric Corrosion Fr .3-5 times copper-bearing or carbon construc- 
(Rural, Marine, and Industrial Environments) tional steel 

Compressive Yield Strength, psi.................... Approx. equal to Tensile Yield Strength 

Ultimate Shearing Strength, psi............. Approx. equal to Tensile Yield Strength 

Modulus of Elasticity, psi. 29/30,000,000 

Endurance Limit (rotating beam) : 60% of Tensile Strength 

Coefficient of Expansion per °F. ... 70°F. to 200°F.—.0000062 


FABRICATION 


Cold Bend Test: Moderate bending can be performed within the usual range of hardnesses. For 


free bending, it is recommended that a mandrel be used not less than ten times the thickness of 
the metal through an angle of 90°. 


Welding: Low hydrogen electrodes are recommended for welding X-A-R steels. The grade of 
electrode used is dependent on the strength requirement of the weldment. 


Burning: X-A-R steels can be flame cut without pre-heating or stress reiieving after cutting. 


COMPLETE METALLURGICAL SERVICE 


in addition to the information given in this folder, there is a great deal of detailed data available to 
steel users covering all characteristics of X-A-R steels. Furthermore, a thoroughly competent 
metallurgical service organization is available to work with you on any application problem you 
may have. 


X-A-R STEELS ARE AVAILABLE AT THESE STEEL SERVICE CENTERS 

BENEDICT-MILLER LOCKHART IRON & STEEL COMPANY 
Lyndhurst, New Jersey Pittsburgh, Pennsylvania 

JOSEPH DEMSEY COMPANY MARSH STEEL & ALUMINUM COMPANY 
Cleveland, Ohio Kansas City, Missouri 

DUCOMMUN METALS & SUPPLY COMPANY O'NEAL STEEL, SEP CRA TED 

Los Angeles, California Birmingham, Alabam 


INTERSTATE STEEL COMPANY SALT LAKE HAROWARE COMPANY 
Evanston, tilinois Sait Lake City, U 


A. C. LESLIE & COMPANY, LIMITED 
Montreal, Canada 


ABRASION RESISTANT STEELS 
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VICE ADM. JOHN T. HAYWARD 


Deputy Chief of Naval Operations ( Development) 





_ Developing Naval Weapons 


Admiral Hayward coordinates Navy ‘s requirements for new armament 


UR fighting forces would be 

plodding along with antiquated 

weapons were it not for the dra- 
matic advances made possible by re- 
search—a field that was given great 
impetus in World War II. 

The enormity of the research and de- 
velopment program in the Navy alone 
is indicated by its fiscal 1961 appropria- 
tion of almost $1.2 billion. This sum 
now includes money for testing and 
evaluation that has been thrown into 
the research and development budget 
of all services to indicate the complete 
cost of bringing new weapons to opera- 
tional status. 

For many years the Navy struggled 
along without a single coordinating 
head for its over-all research and de- 
velopment effort. At last, just about a 
year ago, the necessary coordination 
was made possible by the establishment 
of the Office of Assistant Secretary of 
the Navy for Research and Develop- 
ment and the appointment of a Deputy 
Chief of Naval Operations in charge of 
development. 

The latter’s primary task is to co- 
ordinate and issue the Navy’s opera- 
tional requirements for new weapons 
and equipments; he also integrates the 
over-all research, development, test, and 
evaluation programs “in order to en- 
sure that the effort is continuously re- 
sponsive to long-range objectives, opera- 
tional requirements, fiscal limitations, 
and advancing technology.” 

This large order demands that the 
Deputy CNO, Development, be aware 
of all work in this field conducted by 
the Office of Naval Research, the six 
technical bureaus of the Navy, and Ma 


rine Corps headquarters. 





Vice Adm. John T. Hayward, 
a native of New York City, 
was commissioned ensign upon 
graduation from the United 
States Naval Academy in 1930. 
He completed flight training in 
1932 and served as a naval avi- 
ator in patrol and cruiser scout- 
ing squadrons and in the engi- 
neering division of the Naval 
Aircraft Factory before World 
War II. 

During the war he commanded 
Bombing Squadron 106 through 
many actions in the Pacific. In 
1944 he became experimental 
officer at the Naval Ordnance 
Test Station, China Lake, Calif., 
where he was commended for 
his work on rockets and atomic- 
bomb destruction patterns. 

After a year at Sandia Base, 
Albuquerque, N. Mex., as Di- 
rector of Plans and Operations 
for the Armed Forces, he as- 
sumed command of Composite 
Squadron Five that led the way 
in operating heavy attack planes 
from carriers. 

From June 1951 to May 1953, 
he served in the Military Ap- 
plication Division, Atomic En- 
ergy Commission, and the fol- 
lowing year commanded the 
escort carrier Point Cruz. His 
next technical duty was in com- 
mand of the Naval Ordnance 
Laboratory followed by a year 
in command of the attack car- 
rier FRANKLIN D. Rooseve ct. 

In January 1957, he was as- 
signed as Speciel Assistant to 
the Director of Strategic Plans, 
Office, Chief of Naval Opera- 
tions, and in October 1957 moved 
up to Assistant Chief of Naval 
Operations (Research and De- 
velopment) having been pro- 
moted to rear admiral. In April 
1959, Admiral Hayward became 
Deputy Chief of Naval Opera- 
tions (Development) with the 
rank of vice admiral. 











The matching of requirements with 
research and development does not 
mean that every endeavor must have a 
specific feature of warfare in view. 
Everyone by now is aware of the fact 
that many of the major technological 
break-throughs that have enabled us to 


make 7-league strides in our weaponry 
occurred in the course of seemingly un- 
related experiments. For this reason the 
Office of Naval 
Naval 
through many college and industrial 


Research, within its 


own Research Laboratory and 
laboratories, encourages and finances a 


large number of scientific explorations. 


HE most heavily funded develop- 

ment effort of the Navy is directed 
by the Bureau of Naval Weapons, re- 
cently compounded from the Bureaus of 
Aeronautics and Ordnance. It is re- 
sponsible for about two-thirds of all re- 
search, development, testing, and eval 
uation appropriations in the Navy. 

The officer who guides this complex 
organization must have sweeping 
knowledge of the Navy and a sensible 
appreciation of scientific possibilities. 
He must be able to decide whether a 
promising technological advance should 
be forced rapidly into a weapons sys 
tem, returned for further study, or dis- 
carded completely. 


Vice Adm. John T. 
first appointee as Deputy CNO, De 


Hayward, the 


velopment, is an unusually happy 
choice for this monumental task. As a 
pilot and a carrier commander, he 
knows his Navy; through his experi 
ence in research centers, he understands 
the scientific field. 


Admiral 


at numerous Ordnance Associa 


Hayward, as a welcome 
guest 
tion affairs, has made a lasting impres 


A.O.A. 


cerity and vision in discussing defens¢ 


sion on members by his sin 
needs. The admiral can be assured that 


all members of the Association stand 
ready to assist in the development of 


superior naval armament 





quich break-through in underwater detection ts urgently needed 


HE overriding priority problem 
of the United States Navy to- 
day is the defeat of the sub 
marine. In our concern about satellites 
and sputniks in the sky, the public 
apparently is forgetting that we must 


“look 


that is getting more dangerous every 


down” to see a deadly enemy 
day—the submarine. 

Before discussing our present status 
in antisubmarine warfare, and possible 
future steps in combating the sub, let 
us look at the history of the develop- 
ment of this threat to its present serious 
proportions. 

At the opening of World War I the 
submarine was not considered a serious 
threat for several reasons: (1) the sub- 
marine had not been effectively used 
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Rear Adm. P. D. Gallery 


in warfare, had not proved itself, and 
was treated as a sort of Jules Verne 
fantasy; (2) even if it had been thought 
a threat, the Allies considered that the 
old-fashioned rules of international law 
protected shipping from attack with- 
out warning. 

These laws demanded that a man-of- 
war (submarines included) must warn 
a ship that was not a man-of-war and 
allow all hands to disembark before at 
tacking the ship. Ships that were armed 
or carrying contraband of war, how- 
ever, were not to be given this privi- 
lege. The Germans claimed as the war 
went on that the Allies were violating 
the rules governing attack without 
warning and resorted to unrestricted 


submarine warfare. The antisubmarine 


problem was then with us in earnest. 

Many students of naval warfare are 
of the opinion that the 
“missed the boat” in their submarine 
effort in World War I because they 
overestimated the ASW capability of 


Germans 


the Allies and did not realize how in- 
effective they were in antisubmarine 
warfare. 

Our gallant “four pipers” actually 
had almost no capability in detecting, 
tracking, and destroying submarines. 
We boasted after the war that “not one 
Allied transport under convoy was sunk 
by submarines.” This, the writer sub- 
mits, was not due to any impregnable 
defense on our part but to the Germans 
fear of an antisubmarine threat that did 


not exist. 


ORDNANCE 





The records show that United States 
destroyers sank only one submarine in 
the entire war (credited to U.S.S. Fan- 
U.S.S. NicHotson). 
this 


impotent destroyer resulted in the Ger- 


NING and Con- 


versely, fear of the actually 
mans torpedoing only one United States 
destroyer, the U.S.S. Jacos Jones. 

We realized after World War I how 
close we came to defeat by an enemy 
that did not come anywhere near using 
the full capability of the submarine. 
One would think that as a result the 
United States would have made a 
strong effort to remedy its shortcom- 
ings with a view toward being prepared 
for such a formidable possible oppo- 
nent in the future. We did not. 

Our equipment in World War I con- 
sisted of a very primitive hydrophone 
for passive listening and depth charges 
to attack a submarine if detected. Nev- 
ertheless, practically no progress was 
made from 1919 to 1930. Not a single 
new destroyer was built. “Echo rang 
ing” (actually our present-day sonar) 
was being investigated, but not with 
any sense of urgency. 

As late as 1934 we were still dabbling 
in sets of six passive hydrophones on 
each side of a destroyer. Echo ranging 
was still in the experimental stage. 

Between 1934 and 1940 we came into 
the “echo-ranging era,” and twenty-four 
new destroyers incorporated this sonar 
in their design. Methods of use were 
still very elementary: the chemical re- 
corder, the interpretation of doppler by 
ear, laborious hand plotting, and the 
need to run in straight and directly over 
a submarine to drop depth charges. De- 
tection ranges were pitifully small and 
unreliable. False contacts far outnum- 
bered true ones. 


E were learning—but so were the 

submariners. The boys down be- 
low quickly learned the lesson of the 
“negative gradient,” and the use of the 
bathythermograph for determining “the 
layer” came into use both by subs and 
destroyers. This “layer” today contin- 
ues to complicate the underwater de- 
tection problem. 

The outbreak of World War II 
found the Germans slaughtering our 
ships within sight of Atlantic City, Vir- 
ginia Beach, and the Florida and Gulf 
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At the time of his retirement, 
Admiral Gallery was on the 
staff of the Commander, Op- 
erational Development Forces, 
Department of the Navy, 
Washington, D. C. Admiral 
Gallery now lives in Alexan- 
dria, Va. 





ports. Only the superhuman efforts of 
United States industry in pouring anti- 
submarine ships into the fleet and the 
development of the airplane for employ- 
ment against surfaced subs slowed and 
eventually stopped the onslaught. 

We did it by weight of numbers, 
however, not by any radical new break- 
through in detection. Again, the author 
feels that the Germans could well have 
taken greater losses to gain incompara- 
bly greater destruction of our shipping 
if they had not too early credited us 
with a great ASW ability. We were 
still weak in detection. 

The advent of the destroyer escort, a 
ship designed solely for antisubmarin« 


work, was the most important step in 


Teamwork among various types 
of craft is vital to any successful 
antisubmarine warfare operation. 


combating the submarine in years. 
These vessels, produced in large num- 
bers, equipped with the latest detection 
equipment, and fitted with the new 
“hedgehogs” (contact explosives), were 
a source of great worry to the Germans. 

The marriage of the airplane to the 
surface ship in the formation of the 
hunter-killer groups was even more ef- 
fective. Such groups as the Block Is 
land, the Guadalcanal, the Bogue 
groups, and many others, made history 
in detecting, tracking, and destroying 
enemy subs. The plane with its radar 
was particularly important, because the 
Germans were late in adopting the 
“snorkel”—a device that could have 
completely destroyed us had it been in 


use at the beginning of the war. 


HE tide turned decisively in our 

favor, but again it must be pointed 
out that we had nothing really new in 
detection equipment. We had weight of 
numbers on our side, plus the team 
work developed in the hunter-killer 
concept, and we were fighting the 
World War II submarine—not today’s 
true submersible that does not have to 
surface. 

Although the Germans sank millions 
of tons of our shipping, we now feel 
that if our own submarines had had the 
same opportunity they would have done 
a vastly more damaging job on the op- 
position. Our submariners learned 
quickly and did a massive destruc- 
tion job on the Japanese in the 
Pacific, where targets were much farther 
away and iess numerous. From our 
submarine people we learned many 
tricks that we will have to face in any 
future war involving submarines. 

The end of World War II found us 
very antisubmarine-conscious, although 
some of the lively interest had subsided 
because it was two years since our ships 
had been seriously imperiled by the 
submarine. Work on developing greater 
detection ranges progressed at a slow 
pace after 1945, principally because the 
country was tired of war and preferred 
to forget the possibility of any future 
war. 

“The Russians now have over 450 
oceangoing submarines.” This headline 
of a year or two ago was a starter to- 


ward awakening the U. S. to its vul- 


189 





The an 


nouncement of the nuc lear sub and its 


nerability to submarines. 
accomplishments caused greater appre 
hension. The birth of the Polaris mis 
sile, capable of being launched by a 
submarine from beneath the surface, 
really brought the problem to the fore. 
When people in Kansas City were told 
they could be hit by a missile launched 
off our coast, isolationism received its 


final blow. 


HIS brings us up to the present and 
raises the question, “What kind of 
shape are we in today to handle the 
submarine problem?” 
A full discussion of this question in 
equipment and 


volves comments on 


procedures that are classified—some 


very highly. However, within the 
bounds of security, it is possible to pre- 
sent a number of observations on our 
present ASW capability. 

Today the Number One overriding 
problem in antisubmarine warfare is the 
same as it was forty years ago- detec- 
tion. Although our detection ranges 
have tripled over those attainable years 
ago, the lethal range of the submarine 
has extended even more. 

Sonar is still the primary means of 
detection. Perhaps it will always be. 
But there is a pressing need for ranges 
far in excess of the present and fore 
seeable sonar ranges for surface ships 
and submarines. Our scientists are ur 


gently seeking new devices and tech 


niques. The “negative gradient” form- 
ing a thermal layer still presents a for- 
midable problem. One possibility—and 
many scientists scoff at it—is the use 
of radar. This subject, however, is re 
ceiving close study for a possible break 
through. 

Another avenue being explored is 
the use of magnetic anomaly detection 
equipment in aircraft. This involves 
detection of a sub by devices indicating 
distortion of the earth’s magnetic field 
due to the presence of the submerged 
“MAD,” as it 


called, is extremely limited in range 


vessel. is commonly 
and, we are told, will never be of great 
enough range because sensitivity varies 
inversely as the cube of the range. 

“Sniffer gear”—detection by a plane 
of the exhaust fumes of a snorkeling 
submarine—may hold promise. 

Infrared detection is under investiga 
tion—sensitive devices can detect very 
small water temperature differences in 
wakes caused by the passage of sub 
merged submarines. 

Sonobuoys are receiving more atten- 
tion than heretofore and may increase 
the value and role of the airplane in 
antisubmarine warfare. Explosive echo 
ranging is being investigated and de 
veloped for use in connection with 
sonobuoys. 

Shore-based systems of detection us- 
ing new methods also are under study 
and development and have received 


some publicity in Project Artemis. 


“Bottom-bounce” methods of detec- 
tion by bouncing echoes off the ocean 
floor and layers are being hopefully de- 
veloped at several laboratories. 

“Convergence-zone” phenomena are 
the subject of research and develop 
ment. By this active method submarines 
passing through 35- 70- and 105-mile 
bands from a sound source may be de- 
tected. 

Investigation of the properties and 
uses of the deep sound channel is a 


matter being pursued by both the 


United States and Great Britain. 


‘te of moored sonar buoys, bottom 
located buoys, underwater sound 
sources, and receivers are all under 
study. The NOBSKA committee, a 
group ol scientists who spent a summer 
at Woods Hole Oceanographic Institute 
in Massachusetts in 1955, studied many 
possible methods of combating the sub 
marine. 
Any idea that is brought forward in 
this difficult detection field is given 
Navy 


exotic tt 


consideration by the Depart 


ment—no matter how may 
appear. The solution is so vital to our 
country’s defense that no possibility can 
be overlooked. 

The foregoing gives some idea of the 
many avenues ol approach to the de 
tection problem that are being explored. 
The main point is that the detection of 
submerged submarines is definitely not 


solyved—and detection is the key to the 


Aircraft with magnetic detection gear and helicopters with dipping sonar combine with destroyer in submarine hunt. 





Atomic submarine SEAWOLF joins recent antisubmarine exercises off Florida coast 


whole problem. “After all, the only dif 
ference between a surface ship and a 


the submarine can 


submarine is that 


hide.” Take that advantage away and 
the reason for the existence of the sub 
This 


than done, and may be an oversimpli 


marine vanishes. is easier said 
fication. 

Such an observation reminds the au 
thor of the old story about a football 
talking Knute 


Rockne regarding the great Illinois half 


expert who was to 


back, Red Grange. “He’s not so great 


all he can do is run!” said the expert. 
Rockne witheringly replied, “Yeah, and 
all John McCormack can do is sing!” 


It appears that a Manhattan Project 


approach to the antisubmarine problem 


is called for. If we put the top scientific 
brains to work on beating the sub, and 
allow adequate funds for research and 
development, we will somehow reach a 
solution. Our complete dependence on 
sonar with its marginal improvements 
the roll by is evidently not 


as years 


good enough. We must pierce the pro 


Pd 
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tective covering of the oceans that 


makes the submarine almost invulner 
able to detection. 


We 


will 


are told that radar and radio 


not pierce water attenuation 1S 


enormous, However, there is a susp! 


cion that extremely low trequ¢ ncies may 
hold We 


know enough about deep sound chan 


some promis¢ sull do not 


nels. Magnetic anomaly detection does 
work for small distances perhaps this 
held can be expanded to useful search 


and detection ranges. 


Escort destroyer WALLER launches long-range antisubmarine rocket “Alfa” during recent ASW exercises in Atlantic. 





There may be detection means that 
have not even been discovered yet. The 
only way to find them is by an all-out 
effort, using the top scientific minds in 
the country. 

We have not discussed the three steps 
that follow detection—classification, lo- 
calization, and destruction. Many feel 
that they can be handled satisfactorily 
once the first step is accomplished. Un- 
doubtedly classification (determining 
whether the target is a submarine) will 
take great effort, but in time of war, 
with controlled shipping and knowledge 
of the whereabouts of our own subs, 
this problem is easier, and classification 
comes after detection in time and in 
importance. 

The question of whether the de- 
stroyer, submarine, airplane, or shore- 
based installation should have primary 
emphasis in ASW is another problem. 
Many feel that all are necessary. 


GREAT number of authorities do 
not agree with those proponents 
of the plan of relying entirely on using 
submarines to fight submarines. “But 
the submarine is in its own environ- 
ment!” However, the number of killer 
subs required to cover millions of square 
miles of ocean is fantastic, and at pres- 
ent we are building only extremely ex- 
pensive atomic subs in small numbers. 
The claims of some proponents for 
the ability of the airplane to combat a 
completely submerged submarine are 
just not true. Their simple and graphic 
illustrations in current magazines of 
planes finding and killing subs are mis- 
leading. First of all the plane has very 
little capability of finding a completely 
submerged submarine. 

As of today, magnetic anomaly de- 
tection, the airplane’s primary means 
for detecting a submerged sub, is at its 
best after the sub has been initially de- 
tected—then MAD can localize it. And 
the problem today is finding the sub 
merged them 
down”—as aircraft did in World War 


submarine, “keeping 
II—is no longer the complete answer. 

The destroyer is falling behind in the 
ASW picture, because its ability to de- 
tect at long enough ranges is very low. 
Our “tin-can” sailors have more “know- 
how” in this sub-hunting game than 
anyone, but the advances in the sub 
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marine’s capability have been much 
greater than the progress of destroyer 
detection equipment. Improvements in 
detection are always gradual—we need 
tremendous improvements to reach sat- 
isfactory ranges. By “satisfactory” we 
mean ranges beyond those at which the 
enemy sub can fire at and hit the sur- 
face ship. This means over 20,000 yards 
today, and it will become greater. 


ype helicopter is being pushed as an 
antisubmarine vehicle for search 
and attack. Several obstacles present 
themselves: (1) a long-range detection 
sonar is still needed; (2) the noise and 
vibration problem must be solved; (3) 
a true all-weather capability must be 
obtained, including ability to hover 
safely at very low altitudes. 

Use of the helicopter as a drone is 
being investigated. Drone helicopters 
have already been flown and proved 
reliable on land. Sea and wind condi- 
tions make their use difficult, but the 
problems are not insurmountable if the 
prospective gains are worth the invest- 
ment. 

Blimps are claimed by some to have 
the advantage of comparatively long 
endurance, a quiet stable platform, and 
ability to hover. They are still not out 
of the antisubmarine picture but are not 
getting the emphasis the blimp enthusi- 
asts would like. 

The advent of the Polaris submarine 
concept gladdened the hearts of the 
submariners because it suddenly brought 
them into the front ranks of our na- 
tional offensive team. It had another 
important and predictable effect: it 
woke up many inland people to the 


2 fact that their homes 
; in our 


» States were suddenly 
attack 
¢ by Polaris-type enemy 


This 


should arouse a massive interest in solv- 


Midwestern 
f vulnerable to 
submarines. 


ing the submarine-detection problem in 
order to prevent attack from the sea on 
these heretofore safe areas. 

The increase of $320 million in ASW 
funds voted by the House in the 1961 
budget is a heartening sign. The amaz- 
ing submerged voyage of the Triton 
around the world emphasized again not 
simply the potential of our own subma- 


rines but the threat posed by enemy 
submarines which eventually will be 
able to duplicate this feat. Consequently 
the demand for action to defeat this 
menace is more urgent—greater ASW 
effort is necessary. 

The following quote from Time 
magazine points out an example of the 
avenues of approach that must be ex- 
plored to solve the ASW problem: 

“  . . . this $68,000,000 radio trans- 


mitter complex, planned on the Maine 
coast, should be capable of sending or- 
ders to subs operating under the surface 
(italics supplied by the author in this 
entire quotation) of the North Atlantic 
and Arctic Oceans. The Navy says the 
signals, of very low frequency, will 


reach ‘deep down.’ Best estimate is that 
they will penetrate more than 100 feet 
of water. Cloud on the horizon, no big- 
ger than a boatswain’s hand, as the sun 
rises on a new era in underwater com- 
munications: if radio waves can pene- 
trate water to communicate with sub- 
marines, they may eventually be usable 
with instrumentation for detection of 
submarines which 
from anything but surface sighting and 
with short-range 


are now immune 


chance encounters 
sound devices.” 


HIS startling and revolutionary de- 

velopment could well be the step 
needed in starting toward the long- 
sought “break-through.” At present it 
is not at all confirmed, but such ideas as 
this are typical of the approaches that 
should be followed in an all-out research 
and development effort. 

In the opinion of the writer, we,are 
not fully applying our scientific knowl- 
edge to this problem, nor are we put- 
ting the financial backing behind it that 
antisubmarine warfare must have. ASW 
lacks the glamour of guided missiles 
and satellites, but the peril is almost as 
immediate. Our Polaris missile will be 
operational this year—the Reds cannot 
be far behind. 

This demands a coordinated and con- 
certed effort. Again we say that this 
problem could be solved if we made 
an all-out effort similar in concept and 
resources to that applied in the Man- 
hattan Project or in the Polaris pro- 
gram. It may well prove to be just as 
vital to our country. 


ORDNANCE 








The New M60 ‘Tank 


HE U. S. Army Armor School at 
Fort Knox last June began its 
series of transitional courses in 
maintenance work on the M6o tank and 
the closely related M113 armored per- 
sonnel carrier. A few weeks earlier the 
first production model of the M6o had 
come from the assembly line of the 
Chrysler Delaware Defense Plant at 
Newark, Del., 


Shortly thereafter the Army announced 


with 359 to follow. 
a contract for 720 more from the De- 
troit plant. 

Meantime the Congress was pressing 
for a considerable increase in 1961 au- 
thorizations for Army modernization, 
emphasizing the Mé6o tank. The final 
defense appropriations measure makes 
possible in the visible future the ac- 
quisition of more tanks, plus a consid 
erable addition to the 2,280 M113 car 


riers already on order. 


September-October 1960 


Mark S. Watson 





Mr. Watson is a well-known 
military analyst and _ corre- 
spondent on the staff of the 
Baltimore Sun. He holds the 
1945 Pulitzer Prize for inter 
national correspondence. 





These events in combination bring a 
good deal of cheer to an Armored Force 
which for a long time has been pressing 
for more firepower and more range 
than can be squeezed out of the M48 
Patton tank and for a much more rafsid 
delivery to the using forces than last 
year’s budgetary economies promised. 

Quantitatively, the 1,080 M6o’s now 
contracted for make a start, supplying 
the goodly number required for field 
tests, for training of the numerous 
cadres, and quite enough in addition to 
meet all needs of the first of the Ar 


mored divisions scheduled to receive 


them. Qualitatively, the question of 
their sufficiency is succinctly answered 
they will be able to fight any tank in 
the world today. 

No weapon or instrument of defense 
is supreme indefinitely, and obviously 
ordnance research is working toward 
the possibilities of something better a 
few years hence—presumably much 
lighter, more mobile, with yet greater 
firepower, conceivably with better re 
sistance against radiological menace— 
but the M6o has been judged a very 
marked advance over the Patton and 
the best piece of equipment available 
today. Nobody has said it better than a 
veteran tanker with his remark, “It’s 
the first time we have been in the posi 
tion of outgunning our opponent.” 

This particular capability, which is 
need of the Ar- 


undeniably the first 
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mored Force, is supplied by the British- 
designed, American-made 105-mm. gun 
M68 with a velocity very much greater 
than that of either the Patton’s go-mm. 
gun or the 105 of our present heavy. 
Exact comparison of performance is 
difficult, because meaningful compari- 
son calls for identical test conditions as 
to range and angle of impact, and the 
practical battle range of the one is not 
that of the other. 

In broad terms it may be said that 
the new 105 with its primary ammuni- 
tion has a kinetic energy from 20 per 
cent to nearly 100 per cent better than 
the Patton’s 90. This, plus greater pre- 
cision (“You can drive nails with it,” 
reports an enthusiastic gunner), pro- 
vides confidence in an appreciably 
higher likelihood of that first-round 
kill which is the great hope of every 


tanker. 


y | ‘HE British development of this new 
gun induced a 


change in our own ordnance planning, 


and impressive 


for reasons which should be fully un- 
With 


weapons, there is a fairly normal cycle 


derstood. tanks, as with other 
of development, based on the time re 
quired for effecting an advance sufh 
cient to justify tooling-up and full field 
replacement. The advance may be in 
armament, or propulsion unit, or other 
major component, or, best of all, in all 
three, accompanied by the latest better 
ment in electronic gear which never 
ceases to improve but which is readily 
fitted into the changing structure. 
The tank cycle is roughly 5 

to 6 years. Thus the M46 tank } 
came into being shortly after ‘ 


World War II, the M47 in the 
1950's, the M48 in the 


a 


early 
mid-1950’s, and now the M6o in == 
the early 1960's. The proposal for the 
Patton's successor had been a projected 
Tg5. In some respects it would have 
marked a more radical change—notably 
in a truly sharp reduction in weight by 
nearly ten tons—but the T95 design 
called for fully two more years of de 
velopment and the Armored Force's 
need was for a markedly improved gun 
right away. 

The 120-mm. gun in our heavy tank 
is too big for the M6o and no less bulky 


piece now in readiness meets the need. 
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The inevitable decision was to proceed 
with the Mé6o, plus the excellent British 
105-mm. gun, inasmuch as the entire 
system could be ready on schedule. The 
Tg5 tank project accordingly has been 
shelved, but the extensive development 
work done upon it will bear fruit later 
on. 

The first merit of the new tank’s 
new 105-mm. gun M68 is its very high 
muzzle velocity, greatly exceeding that 
of anything else of that caliber, 
thanks to the discarding-sabot 
pattern of its armor-piercing 
ammunition. The “sabot,” up 
to the time the shell leaves the 
muzzle, confines the gas from 
the exploded charge and thus drives the 
slightly smaller shell itself forward at 
hypervelocity. 

The surprising ruggedness of the gun 
is a welcome quality. The tube itself is 
removable, permitting field replacement 
and averting the need for prolonged ab- 
sence of the tank from combat. The 
principal American improvement is the 
redesigned breech mechanism, reducing 
weight from 1,200 to 800 pounds. Other 
ammunition for the main gun will in- 
clude an antipersonnel round and a 
chemical round. Planned stowage is of 
57 rounds for the 105, plus 5,950 rounds 
for the coaxial 7.62-mm. machine gun 
and 1,040 rounds for the caliber .50 
machine gun mounted in the cupola. 

In this new cupola the tank provides 
its commander with much-needed addi 
tional space and also with all-around 
vision, The crew space in the turret is 
and some 


slightly enlarged, 


measure of comfort is added by 


a = 

* the wire-mesh seats, similarly 
, supplied in the driver's com 
> partment. 

For the gunner there is the 
new and greatly improved M17C mo- 
nocular range finder, which provides 
distance measurement of very great ac- 
curacy through a wide reach of medium- 
torlong distances, and does so quickly. 
Supplemental sights for the secondary 
weapons are placed with greater atten- 
tion to ease of use. Again, the emphasis 
is on quick firing and expectation of 
the all-important first-round kill. 

The power plant is an air-cooled, 12- 
cylinder diesel, 1,200 pounds heavier 
than the Patton’s engine, but quite 


clearly very much more efficient. The 
prime measure of its efficiency, in the 
tanker’s mind, is its much greater 
range, with 250 to 300 miles spoken of 
as a possible distance to be covered in 
a theoretical combination of cross-coun- 
try and road travel, representing a 40 
per cent stretch of the Patton’s reach. 

Nothing is more important logisti- 
cally than this long reach upon which 
an armored task force commander (and 

the planning direction at head- 
quarters) now can begin calcu- 
lating. It applies to the possi- 
bility of needed wide dispersion 
and quick rallying which atomic- 
age battle requires. It applies to 
the planning of a multifingered deep re- 
connaissance and a quick reconcentra- 
tion at the chosen point. It applies to the 
ability to make a very long penetration 
deep in enemy territory without agoniz- 
ing worry over early fuel exhaustion. 

There is great promise in the almost 
simultaneous development of this pow- 
erful, long-range tank and the new 
M113 armored personnel carrier which 
by reason of its remarkably light weight 
(nine tons, compared with its prede- 
cessor’s twenty tons) has the ability to 
keep pace with its natural companion 
in rapid deployment. 

The M60 acquires its long legs by 
reason of the new diesel plus the new 
transmission which is an integral part 
of the power plant. The entire tank, 
combat-loaded, weighs 51 tons, which 


is only a modest reduction from the 


Patton’s 52'-ton total. Even so, the 
employment of light metals in many 
possible places (aluminum turret-plat- 
form, stowage boxes and racks, road 
wheels, support rollers, etc.) has helped 
so much as to permit heavier armor 


where it is particularly needed. 


HE 3,000-pound reduction also is of 

help in operating over very rough 
ground and in conquering a 60 per 
cent grade and a 3-foot wall. The tank 
fords 4-foot streams. 

Of the accompanying betterments a 
great deal can be said, but some of the 
heartiest approval is over the lessened 
complexity of the new system. This ap- 
plies not only to the diesel engine, 
whose large virtues are headed by its 
simplicity and resultant ruggedness and 
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reliability, but also to the improved 
transmission system, the new gun, and 
the range-finding and sighting mecha 
nisms referred to. 

Simpler in operation than its prede- 
cessors, the M6o is easier to handle and 
hence easier to learn. As it is simpler in 
maintenance as well, the maintenance 
and-repair echelons will need less time 
to learn their jobs. In both these areas, 
therefore, the training time for new 
men is reduced, and in a service where 
rapid turnover is still a burden, shorter 
training time is a boon. 

Battle experience has had harrowing 
examples of losses due to the blaze-up 
of the tank’s own gasoline, ignited by 
enemy fire. Here the diesel fuel, much 
less inflammable, marks a very real 
safety betterment. The supply problem 
is somewhat reduced also, thanks to 
the lower volatility of the diesel fuel 
which assures less waste from evapora 


tion. 


ECAUSE the Army has had long 
experience with budgets and with 
national purse-guardians’ reluctance to 
let go of old models until the equipment 
is not only obsolescent in design but 
also exhausted from plain age and hard 


work, many of the M6o’s elements have 


been so designed as to permit trans 
planting to the late-model Pattons. 

This does not mean necessarily that 
either swift or complete retrofitting of 
the Pattons is contemplated. It means, 
rather, that as the power plant, for 
example, of an otherwise useful Patton 
reaches a point where its own repair or 
actual reconstruction is no longer war 
ranted by reason of comparative cost, it 
may very well be replaced bodily by the 
new diesel package. 

This could well be possible, too, with 
the new gun, thanks to the alteration 
in the British breech mechanism which 
has been mentioned, and possibly with 
the fire-control system and even the 
more comfortable and less vulnerable 
turret. The Patton is basically a good 
tank. Retrofitting it in these respects 
has much to commend it. Notably such 
a plan would avoid creating an over 
large inventory. 

“Nobody can ever look admiringly 
at the latest improvement, sigh happily, 
and say ‘This is it’” remarked an old 
tanker the other day. “The M6o is a 
mighty jump forward, but it still is an 
interim Weapons system, just as were its 
predecessors in each of those cycles. It 
manifestly is the best thing our indus- 


try can put out this year or next or for 


a few years more. I am convinced that 
our T95 would have represented an ad 
vance in one important respect, but it 
would have needed a couple more years 
and it would have cost a good deal of 
money to develop and it was just too 
much money for another short interim 


gain, 


ee HE M6o will do us until we can 

prove that another cycle is near its 
end and that there already is assurance 
of major betterment in some very im 


portant respect or, better, in several 
important respects. 
“What 


doubt that we will soon get much better 


and when will that be? I 
range or better accuracy than this gun 
promises, and I have no hope for a true 
‘revolutionary break-through’ here. But 
we always can bring about a gain in 
durability or reliability or both, and we 
have just shown that we can gain these 
while actually reducing weight, with all 
the satisfaction which weight reduction 
affords to an Army seeking more and 
more mobility. We strive always for 
just as much slimness and low silhou 
ette and speed as we can get without 
excessive sacrifice of protective armor, 
particularly protection from that battle 


field radioactivity which we must plan 


The M60 tank, replacing both the M48 Patton and M103 heavy tanks, mounts a 105-mm. gun (Army photo). 
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against. In designing to get one advan- 
tage there must be some conscious sac- 
rifice of another.” 

The Ordnance people are properly as 
proud as industry itself over the ex- 
traordinary degree of durability which 
new metallurgical skills have made pos- 
sible in one of the most worrying of all 
tank parts—the track—whose mortality 
rate in troublesome terrains was terribly 
discouraging to combat force comman- 
ders in World War II. What Ordnance 
is aiming at, and hopefully too, is abil- 
ity to get 4,000 miles from one set of 
tracks, as well as from other equipment. 

That 


mander’s dream, for it is more than 


sounds like an Armor com- 
twice what an M48 could extract from 
its treads, yet today the new tracks are 
testing as much as 3,000 miles in hard- 
wear endurance tests which used to 
bring failures at 1,500 miles. This is 
one of the most significant advances 
over World War II equipment, and it 
would be foolish to think that metal- 
lurgy is yet at the end of the road. 
Today’s material is the better, cer- 
tainly, because design itself is more 
knowing and can make better use of the 
alloys which fifteen years of metallur- 
gical progress have developed. The 
diesel engine of today is longer-lived 
than that of other days and able to go 
very much longer without overhaul 


than the carburetor type. 


T is not always true that “quality 

beats quantity.” Early in World War 
IT in numerous fire fights we had quan- 
titative superiority over the German 
guns, which still beat us—we thought 
by reason of better quality alone. But 
as the war went on, the German guns 
became manned by new gunners with 
less training, and the situation soon 
changed. Quantity plus quality plus 
training makes a grand combination. 

The quality of the M6o has been 
pretty well determined, for the initial 
service tests have revealed such defects 
as are readily disclosed and these have 
been corrected by modifications, Now 
the real trial is on—the field tests by 
troops themselves. 

Ordnance experts, who have devised 
the most rigorous mechanical tests for 


the Army’s most skilled experts to ap- 


ply, still state grimly that the best of all 
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testers of any weapon is invariably the 
unskilled GI, whose indomitable per- 
sistence can bring to light defects which 
qualified experts never dreamed of. 
When these field tests are passed suc- 
cessfully, the M6o will truly be ready 
for delivery to the cadres now in train- 
ing and then to the using forces. 

One gathers that the first big distri- 
bution will be to Armor (rather than 
to the armored element of Infantry di- 
visions) and just as surely to Seventh 
Army Armor, for here is our best in- 
strument of highly mobile warfare and 
our most conspicuous field need. 

Today’s doctrine clearly calls for de- 
struction of an enemy’s interior re- 
sources; indeed it is a long time since 
the main guiding purpose was to pro- 
vide massive (and dubious) break- 
through of a strong enemy front line. 
Looking back to General Marshall’s 
formal biennial report of 1945 one finds 
the revised high-level concept: 

“We designed our armor as a weapon 
of exploitation. We desired to use our 
tanks in long-range thrusts deep into 
the enemy’s rear, where they could 
chew up his supply installations and 
communications.” 

Tactical planning to meet all the 
changes in weaponry is continuous. The 
pressure now is notoriously for more 
and more mobility. It may be that nec- 





“The Ordnance people are 
properly as proud as industry 
itself over the extraordinary 
degree of durability which 
new metallurgical skills have 
made possible in one of the 
most worrying of all tank 
parts—the track—whose mor- 
tality rate in troublesome ter- 
rains was terribly discouraging 
to combat force commanders 
in World War Il. What Ord- 
nance is aiming at, and hope- 
fully too, is ability to get 4,000 
miles from one set of tracks 
as well as from other equip- 
ment. 

“This sounds like an Armor 
commander's dream, for it ts 
more than twice what an M48 
could extract from its treads, 
yet today the new tracks are 
testing as much as 3,000 miles 
in hard-wear endurance tests 
which used to bring failures 
at 1,500 miles.” 





essity is the mother of invention, and 
that the sinister threats of the atomic 
age have pushed us toward these new 
powers of dispersion and long-range 
electronic communications. 

It may be, too, that invention is the 
mother of more invention, for certainly 
our new electronic ability to see and 
hear and talk over vastly greater ranges 
has encouraged us to accompany this 
ability with the power to move more 
swiftly to those longer ranges. Helicop- 
ters now transport personnel and fairly 
heavy equipment across ordinary coun- 
try as efficiently as do vehicles and also 
over difficult terrain which is impas- 
sable by ordinary vehicles—even by a 
tank which can surmount a 60 per cent 
grade and traverse a 4-foot stream. Fire- 
power has jumped ahead in range and 
lethality and rapidity of delivery. Every- 
thing presses to greater ability, greater 
dispersion, greater reliance on small 
units. 

Always, too, there is an accompany- 
ing study of new organization, the bet- 
ter to employ the new weapons in the 
new tactics and to attain that flexibility 
which 
nightmare of planners. 

While it is obvious that planning in 
armor and elsewhere must be for capa- 


is at once the aim and the 


bility in nuclear and also in nonnuclear 
war, the awful fact is that the one capa- 
bility tends to combat the other. The 
one needs a small squad; the other is 
best served by a large squad. Nuclear 
war requires one weapon and one de- 
fense; conventional war needs some- 
thing different. 

Much of the organization planning 
therefore must be a compromise, which 
inevitably means that, when the test 
comes, there is peril of being too long 
here and too short there. 


LL this affects the support of the 

tank. Fortunately it does not affect 
the tank itself. It must be seen that the 
much greater ranges of which the new 
armor will be capable will force some 
large changes in logistical support and 
planning. One would anticipate much 
larger use of Goer types and of cargo 
helicopters just around the corner— 
budgets permitting. The M6o tank and 
the Mrr3 personnel carrier are just a 
new beginning. 
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Rockets for Space Power 


Though the Soviets lead us m payload weight, our satellites have 


gathered much valuable formation and we are now planning manned 


vehicles for exploration of the moon and then the nearer planets 


Maj. Gen. Don R. Ostrander, U.S.A.F. 


Launch Vehicle Programs, National Aeronautics and Space 
Administration, Washington, D. C. 


HE question has been repeatedly 

asked, and heatedly argued in 

recent months, as to whether we 
are in a space race with Russia. Whether 
we are or not is a matter of semantics. 
Strictly speaking, the word “race” nor- 
mally connotes two or more contestants 
running on the same track, taking the 
same hurdles, and trying to reach the 
same goal. In this case we do not know 
what the other track is like, we do not 
know the specific goal of the other fel- 
low, and we do not know how hard he 
is running. 

In addition, it would be a mistake, 
even if we did know these things, to 
try to pattern our program on this sort 
of “me-too,” “anything-you-can-do-I- 
can-do-better” type of approach. We are 
convinced that we should set our goals, 
point toward them with a broad, logi- 
cal, scientifically sound program, and 
then run just as hard as we can. 

In the long run, we will be better off 
than by simply shooting for spectacular 
propaganda firsts. If in the process we 
achieve significant firsts, it should be as 
an outgrowth of our own sound pro- 
gram, not as our sole and primary goal. 

Leaving semantics aside, however, we 
have to face the fact that we are in a 
competition—whether or not you want 


to call it a race—just as we are in finan- 


>. 
> 





A Juno II rocket is readied for NASA- 
Army launching of Pioneer IV space 
probe at Cape Canaveral (Army photo). 
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cial, economic, psychological, and ideo- 
logical competition across the board. 
Certainly there is no question in my 
mind that, at least in my area of re- 
sponsibility—the area of greater rocket 
weight-lifting capability—we are in a 
race, and I plan to conduct my business 
accordingly. 

Since the Soviets placed Sputnik I 
in orbit in October 1957, the United 
States has attempted fifty launchings. 
These efforts have succeeded in inject- 
ing twenty-one payloads into earth or- 
bits and two on journeys around the 
sun. The record shows a box score of 
30 per cent successes in 1958 rising to 
58 per cent in 1959, then falling slightly 
to 54 per cent thus far in 1960. 

These statistics reveal two significant 
points. First, 50 major launches in 2 
years represent a sizable start for the 
United States space program. The sec- 
ond point that these figures emphasize 
is the importance of repetitious use of a 
vehicle in increasing its reliability. The 
marked upswing in reliability in 1959 
can be laid primarily to improvements 
in design and to the correction of com- 
ponent deficiencies after diagnosis of 
failures. 

We have no accurate way to deter 
mine the reliability which the Russians 
have achieved in their space program 
so far. We know of seven Soviet suc- 
cesses, but we do not know, of course, 
how many of their attempts resulted in 


failure. 
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It is no secret that the Soviets out 
match us in the department of rocket 
thrust and that as a result they have 
the capability of placing much heavier 
payloads in space. The explanation of 
this situation is traceable primarily to 
the fact that each nation sized its rocket 
engines to place a high-yield warhead 
on an intercontinental target. Our war 
head technology permitted a lighter ve 
hicle requiring lower thrust than that 


of the Soviets. 


RONICALLY, our ascendancy in 

warhead design limited the weight 
carrying capability of our initial gener- 
ation of space boosters to a level well be- 
low that of the Soviets. Furthermore, 
with the exception of the Vanguard pro- 
gram, our development of specialized 
iaunch-vehicle equipment did not really 
get under way until about a year after 
Sputnik I. 

Because of this late start and the re- 
morseless facts of rocket development 
lead times, we have yet to put into 
service the new, more powerful, launch- 
vehicle equipment which will enable us 
to match or surpass Soviet payload 
achievements. 

Although we are behind the Soviets 
in the weight-lifting area, it does not 
follow that we are far in arrears in 
over-all rocket technology—in our 
knowledge of how to design, develop, 


and use complete and integrated space 


systems. In fact, I am confident that 
we are not significantly behind the 
U.S.S.R. if you consider this field as a 
whole, and I think that we may well 
lead them in many specific areas. 

However, the yardstick by which our 
space accomplishments should be meas- 
ured is not solely payload weight, nor 
for that matter the total number of 
successful launchings, but rather the 
extent and quality of useful scientific 
information that our payloads have re 
turned to us and the distance that this 
new knowledge has carried us toward 
our goals. 

Our knowledge as to the scientific 
value of the data that the Soviet space 
program has gathered to date is far 


+ 


A modified Jupiter IRBM, rising 76 
feet above its launching pad, was used 
to send Pioneer III aloft (Army photo). 
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from complete. There is, therefore, no 
real way for us to compare the two 
programs on this basis thus far. How- 
ever, our own effort has contributed 
very significant information of great 
value to our over-all program. 

Our program on space exploration 
really has three elements with closely 
interrelated goals. The first of these is 
the space sciences program, which seeks 
to learn new facts about the shape of 
the earth, its upper atmosphere, the 
ionosphere, the earth’s magnetic field, 
the radiation belt, solar-terrestrial rela- 
tionships, etc. 

Each of the satellites and space probes 
in this program is instrumented, and 
its flight path is planned to add in a 
specific way to the over-all pattern of 
knowledge that we are painstakingly 
building. Many of the experiments 
undertaken as part of our space-science 
work are inspired by requirements of 


other elements of our program. 


OR example, determination of the 

extent, intensity, and time variations 
of the radiation within the radiation 
belts; measurements of temperatures in 
side and on the outside surfaces of satel- 
lites; and measurements of the energy 
and frequency of micrometeorite im- 
pacts—all are of great importance to 
the Mercury and follow-on man-in-space 
programs whether civilian or military. 

This, of course, is the second of the 
three elements of our NASA space pro- 
gram. The goal of Project Mercury is 
not the propaganda value of a spectac 
ular first. Rather, its goal is to deter 
mine the functions that a man can 
usefully perform in space to pay his way 
in future space exploration. We have 
made excellent progress \ with 
Mercury so far. If all goes well, 
an astronaut should make his 
first suborbital flight late this 
year and orbit the earth in 1961. 

The third element of our pro- 
gram relates to the application of the 
knowledge which we gain to space sys- 
tems which can be applied to the good 
of mankind. For example, we plan to 
place in orbit under our Project Echo 
large mietallic-coated mylar spheres 
which can be used as passive reflectors to 
permit microwave communication over 


vast distances. Also, weather satellites 
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such as Tiros I and its successors, Tiros 
II and Nimbus, will, we hope, allow 


major advances in weather forecasting. 


HUS we are embarked on a scientifi 

cally sound, balanced, and aggressive 
program of our own design. We are 
literally building our fund of knowl 
edge of space from the ground up, 
guided by definite goals—our own 
goals. 

To date, we have been less handi- 
capped by the lack of greater payload 
capability than is popularly supposed, 
primarily because much of this 
early exploratory work can be 
accomplished with the launch 
vehicles we have had available 
to date. I certainly do not mean 
to imply that we would not like 
to be able to launch heavier payloads, 
and in the near future we are going to 
have to achieve order-of-magnitude in- 
creases in our ability to carry heavier 
weights into space. Furthermore, we 
are going to have to fly more complex 
flight paths demanding higher degrees 
of guidance precision than we have 
needed so far. 

Now let us examine our program to 
create this new generation of launch 
vehicles we need for the task ahead. 

The 


launch-vehicle 


philosophy upon which our 


program rests is based 
upon three fundamental principles: 

1. We are creating a standardized 
fleet of trucks, if you want to call them 
that, with a minimum number of dif 
ferent types in the fleet. 

2. Closely linked to the first, we pro 
pose to attain reliability through repeti 
tive use of the vehicles in our fleet. 

3. To avoid early obsolescence, we 


= 


want to ensure that each new 
vehicle we develop incorporates 
the most advanced technical ap 
proaches and maximum growth 
potential consistent with the re 
liability we require. 
Concerning the first two of these 
principles—minimum variety and repe- 
titive use of standardized vehicles—our 
objectives here are, of course, economy 
and reliability. The costs of developing 
launch vehicles are already high, and 
they are going up in a geometrical pro 
gression with each new, larger, and 
more advanced vehicle that we add to 


our fleet. That is why we are conduct 


ing cooperative programs with the Air 


Force on certain vehicles such as the 
Scout, the Agena B, and the Centaur. 

The Scout and the Centaur are be 
ing developed by NASA for use by 


both agencies. The Agena B is an Air 
Force upper-stage development fr: 
the Agena A which, employed with the 
Thor as a bottom stage, has earned an 
impressive record for reliability in the 
Discoverer series of launchings from 
Vandenberg Air Force Base. 
NASA canceled the development of 
an upper stage which, when 
used on top of the Atlas missile, 
would have possessed practi- 
cally the same payload capa 
bility as the Atlas Agena B. 


= There was nothing inferior 


the NASA 
Vega. It was simply that the Agena B 


about vehicle, known as 
had drawn ahead timewise and could 
do the same job, plus the fact that with 
a cooperative program with the Air 
Force we would get more total firings 
and consequently more reliability. 

The 


amassing a large number of flights on 


contribution to reliability of 


a given vehicle is obvious. However, 
we do not subscribe to the “develop in 
haste and fix at leisure” route to relia 
bility. In our kind of business such an 
approach is patently unacceptable. These 
devices have to work the first time they 
are launched or the entire cost of the 
flight is wasted. 

Consequently, reliability is considered 
at every step, from conceptual design, 
through detail design, selection of ma 
terials and components, development 
test, flight test, production quality con 
trol, and launch procedures—our entire 


spectrum of operations. 


N the other hand, we do not pro 
pose to allow our desire for relia- 
bility to become such an overriding ob 
session that we timidly decide on the 
tried and true—and often obsolescent— 
approach in planning each new vehicle. 
That is why we have the third principle 
mentioned above. The tough job is to 
have both reliability and long, useful, 
life. 
NASA is tackling this job by aggres 
sively probing for real break-throughs 
which promise significant gains in mis 
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sion capability. We bet heavily to win— 
but only after we have solid evidence 
that we have a winner. 

We are still limited to the launch 
vehicles with which the United States 
began its space program, or their direct 
descendants. A few have been retired— 
the Jupiter C which served us well back 
in 1958 when we so greatly needed a 
United States satellite in orbit to repair, 
in some measure, our badly mauled 
prestige; and the Vanguard which more 
than earned its development cost in the 
information provided by the three 
scientific payloads that it orbited. In 
addition, Vanguard paid dividends by 
giving us upper stages for the Thor- 
Able, the Thor-Delta, and the Scout 
vehicles. 

Also due to be retired after this year 
is the Juno II, based on the Jupiter 
IRBM, and the Thor-Able. The Thor- 
Delta, which is a Thor-Able improved 
through the addition of coasting flight 
attitude control and the accurate and 
flexible Titan radio-inertial guidance 
system, will be used through 1961 in a 
12-vehicle program, but we plan no 
follow-on procurement of this vehicle 
after that. 

All the vehicles we are retiring are 
destined to be replaced by two new 
ones—the Scout and the Thor-Agena 
3—the Scout because of its relatively 
low cost and its high reliability poten- 
tial and the Thor-Agena B because of 
its combination of greater payload, flex- 
ibility of operation, and, again, its po- 
tential high reliability. 


S far as payload capability is con- 

cerned, the Vanguard and Jupiter 
C could place a 25-pound payload in a 
300-mile orbit. The Juno II could per- 
form the same mission with a _ 100- 
pound payload, the Thor-Able with 200 
pounds, and the Delta configuration 
will more than double this performance 
with about a 480-pound capability. Of 
their successors, Scout can handle a 
200-pound payload for a fraction of the 
cost of its predecessors, and the Thor- 
Agena B will be able to put 1,250 
pounds in a 300-mile orbit. 

The Agena B stage will also be used 
by NASA, as well as by the Air Force, 
on top of the Atlas as a first stage. The 
Atlas booster will increase the 300-mile- 
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orbit payload capability of the Agena B 
to about 5,300 pounds. 

In 1961 we are scheduled to launch 
our first Centaur. The Centaur will be 
the first vehicle to employ a high-energy 
upper stage, and this liquid hydrogen- 
liquid oxygen stage is the first to em- 
ploy a rocket engine developed prima- 
rily for space use. 


HE added energy afforded by hy- 

drogen as a fuel gives the Centaur 
half again the payload of the Atlas- 
Agena B in a low orbit, and nearly 
three times as much payload when used 
as a lunar probe, which is one of its 
principal missions in the NASA pro- 
gram. In Centaur, the United States for 
the first time will have a launch vehicle 
able to duplicate the payload capability 
of the Sputnik vehicle. 

The Centaur is of major interest to 
the Department of Defense as well as 
to NASA. In fact, the Centaur per- 
formance objectives originally stemmed 
from the DOD requirements for a 24- 
hour communications satellite. The im- 
portance of the Centaur to NASA, 
however, is much more far-reaching 
than the capability of the Centaur ve- 
hicle itself because of its relationship to 
Saturn. The Centaur upper stage will 
become the top stage for Saturn. In ad- 
dition, four Centaur engines will power 
the second Saturn stage. 

The Saturn vehicle is being developed 
under the management of Dr. Wernher 
von Braun’s Marshall Space Flight Cen- 
ter. Its first stage consists of a cluster of 
eight uprated engines of the type used 
in the Thor, Jupiter, and Atlas with a 
total thrust of 1,500,000 pounds, On 
top of it we will use the two hydrogen- 


oxygen stages men- 
R tioned above. When 
ra 
» we get this Saturn C-1 
3 i 


vehicle, which is the 

initial version of Sat- 

urn, our payload capa- 

bility gets a real king-sized boost—to 
some 25,000 pounds in a 300-mile orbit. 
One, and possibly two, versions of 
Saturn are planned. The second model, 
called C-2, will add another stage using 
four 200,000-pound-thrust liquid oxy- 
gen-liquid hydrogen engines. The third 
model, if we decide to build it, will be 
called the C-3 and will have still an- 


other stage, using two of these 200,000- 
pound-thrust engines. 

Some study and analysis has been 
conducted and a great deal more is 
planned to define the vehicle to follow 
the Saturn C-2. A major question these 
studies must answer is whether the 
successor to the C-2 should employ 
nuclear rockets in one or more stages 
or whether another all-chemical rocket 
vehicle will be required before the 
three-to-one advantage in payload-to- 
vehicle-weight ratio afforded by nuclear 
upper stages can be practically realized. 

As to direction, the major long-range 
goal of the NASA program is manned 
exploration, first of the moon, then the 
nearer planets. This goal serves to 
focus attention on the vehicle-devel- 
opment program, the Mercury program, 
follow-on manned earth satellite pro- 
grams, preliminary unmanned explora- 
tions of the lunar surface, the variation 
of the space environment between the 
earth and the moon, and on all the host 
of basic and applied research which 
must provide us with the information 
we need to realize this goal. 


HE plan also projects the space 

sciences and satellite applications 
programs. As mentioned above, the space 
sciences program itself gains direction 
and emphasis from this objective of ul- 
timate manned lunar and planetary ex- 
ploration. Our satellite applications pro- 
gram will continue to develop improved 
means of microwave communications 
and improved means of forecasting 


weather through meteorological satel- 


lites. 

To carry out these programs, NASA 
will launch between twenty-five and 
thirty-five major vehicles and at least 
this many sounding rockets annually 
over the next three years. 

In summary, we are embarked upon 
a broad, technically sound and logical 
program with definite goals in mind— 
our own goals, We are undoubtedly 
going to have our share of failures in 
this program—they have to be expected 
in this kind of work—and we will un- 
doubtedly have to adjust the detailed 
timing and content of the program as 
we move along and learn more. But we 
do have a plan, we are getting good 
support and cooperation. 
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The Disarmament Myth 


Contrary to popular belief, nations are armed because they differ — 


they do not differ because they are armed, so in ttself disarmament 


is not capable of promoting peace but can only be the outcome of ut 


VER since the end of the blood- 

thirsty Peloponnesian War in 

404 B.C., mankind has been talk- 
ing about disarmament or the limita- 
tion of armaments—and _ periodically 
plunging into strife. Unvarying for over 
two thousand years, such has been the 
systole and diastole of the human 
species’ stumbling chronicle. 

The Roman Empire was carved out 
by the sword; it murmured too often 
and too fondly of peace and ease, and 
was swept away by the sword of a bar- 
barian invader. 

In the world-twilight that ensued, 
petty tribal quarrels were resolved by 
weapons that had reverted to the most 
primitive types. 


ITH the emergence of medieval- 

ism’s ethnological groupings— 
they scarcely qualified as nations—the 
Christian Church, philosophically ac- 
cepting warfare as being endemic in the 
human race, sought only to discourage 
its incidence and, when it did break out, 
to curb its worst excesses. With com- 
mendable realism the early theocrats un- 
reservedly admitted that so long as a 
stake could be cut from the hedgerow 
or a stone snatched from the roadside, 
the ideal of total disarmament was no 
more than a flickering will-o’-the-wisp. 
Through religious sanctions and ordi- 
nances, therefore, papal authority strove 
diligently to restrict the number of 
lethal weapons in employment; to bring 
about, in effect, a deliberate limitation 
of armaments. 
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Thus the introduction of the arba- 
lest, or crossbow, into warfare during 
the course of the eleventh century 
brought almost immediate reaction. In 
A.D. 1139 the Second Lateran Council, 
with all the weight of its immense au- 
thority, sternly prohibited the arbalest’s 
employment in war—solemnly denounc- 
ing it as “a weapon hateful to God and 
too murtherous for Christian men to 
use against one another.” 

The sponsors of Magna Carta fully 
supported the ban, one clause of the 
enactment specifically prohibiting the in- 
clusion of crossbowmen amongst the 
English forces. 

And everybody sat back and waited 
to see if his neighbor would set aside 
the weapon that had been brought so 
explicitly under interdict. In the out- 
come, since no one was prepared to act 
unilaterally lest he be caught at a dis- 
advantage by a less scrupulous rival, 
the arbalest took its regular place 
amongst the Western world’s standard 
armaments. It thereafter remained in 
use until the early days of the four- 
teenth century when it was very largely 


superseded by the even more deadly 
longbow. 

Despite the tremendous authority 
wielded by the medieval Church, the 
first attempt on any considerable scale 
to bring about a hard-and-fast limita- 
tion of armaments had proved entirely 
ineffective. Its failure was entirely at- 
tributable to the widespread, and far 
from unwarranted, fear that someone 
would renege and secure an unfair ad- 
vantage as the outcome of his duplicity. 


HE earliest employment of gunpow- 

der as a means of waging war evoked 
as shocked and as universal an outcry 
as the release of the first atomic bombs 
on Hiroshima and Nagasaki. For “this 
villainous saltpetre . . . digg’d out of 
the bowels of the harmless earth” not 
only effectively proletarianized armed 
conflict—since gunpowder “made all 
men alike tall”—but its use outraged 
every article of the chivalric code of 
war hitherto prevailing. 

The 


made to confine warfare’s practice to 


most strenuous efforts were 
the weapons heretofore regarded as ad- 
missible. Such contemporary paladins as 
Prospero Colonna and Gian Paolo Vi- 
telli did not scruple to lop off the hands 
of captured cannoneers, mine layers, 
and siege engineers. Arquebusiers who 
had the misfortune to be taken pris- 
oner by Bayard—the Chevalier sans 
peur et sans reproche—were either slain 
out of hand or had their eyes put out 
as “murtherers and unchristian fight- 


” 


ers. 
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And in no uncertain voice the Church 
joined its anathema to the protests of 
those who perceived the infinite dangers 
inherent in this satanic enlargement of 
the means of destruction. 

Sut once again no one could trust 
his neighbor not to secrete and subse- 
quently employ a death-dealing sub- 
stance he himself was prepared to 
forego. 

With the massive walls of Constan- 
tinople reduced to rubble in forty days 
by the besiegers’ cannoneers in 1453, 
and the first ship of war sunk by gun 
fire at Terceira in 1583, all attempts at 
the limitation of armaments by the 
voluntary elimination of what Ariosto 
termed “this base implement of death” 
had perforce to be abandoned. 

gut if the old ideas about warfare 
had been rendered obsolete, gunpowder, 
by its deadly potency, had generated a 
new regard for peace. Conflict, from 
being “a trial of moral values by battle 
in which the Church refereed for God,” 
was replaced by a new concept—that of 
“war as a means toward a political 
end” and one only to be embarked 
upon, as a last resort, if that political 
end could not be obtained by negotia 
tion and diplomacy. 

Despite aberrations such as the fren 
zied, merciless “wars of religion” that 
1618 1648, this 
concept continued to hold the field until 
Korea. 


overt 


raged between and 


the outbreak of hostilities in 
This 


collision 


clash witnessed the first 


between two irreconcilable 
ideologies, and introduced warfare on 
a plane that, carried to its logical con- 
clusion, rules out all compromise and 
predicates the annihilation or enslave- 
ment of the loser wherever victory may 


be achieved by the forces of Com- 


munist imperialism. 


HROUGHOUT virtually the whole 
of the eighteenth century the world 
was kept in a state of belligerent turmoil 
by Gallic efforts to secure the hegemony 
of Europe and to outpace all her rivals 
including a swiftly expanding Rus- 
sia—in the consolidation of a colonial 
empire. It was a struggle that continued 
with ever-increasing ferocity until it 
met its predestined end on the sodden 
field of Waterloo. 
But its progress had been marked by 
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“A little coldly realistic 
reflection should make it 
abundantly clear that it is not 
so much armaments as in- 
equality of armaments that 
puts a premium on war. As 
long as there is anything like 
parity between the armories 
of the major powers, war be- 
comes far too great a hazard 
for anyone to embark upon 
other than the imbecile-hys- 
teric or the irresponsibly des- 


” 


perate. 





no outstanding enlargement of war- 
fare’s armory, no intensification of the 
killing-power of the weapons available. 
Cannon, although more mobile than in 
the days of their first introduction, dif- 
fered little in design and lethal capa- 
bility. To all practical intents and pur- 
poses the musket was of similar pattern 
to that employed against the French 
and Indians in “Queen Anne’s War.” 
Napoleon’s banishment to Elba, how- 
ever, found the world sour and sick 
and utterly weary of the whole idea of 
war as a means of settling international 
differences. So—at the outset—there 
was a ready ear for Tsar Alexander’s 
proposal for a Holy Alliance which, 
while proclaiming Christianity to be 
“the foundation of all government and 
all civilization,” went on to propose a 
drastic scaling down of armaments. 
When, however, it was discovered 
that, reduced to essentials, the project 
was nothing more than an elaborate 
facade behind which imperial expan- 
sion could proceed at the expense of 
Metternich  dis- 


Russia’s neighbors, 


missed the whole crafty artifice as “a 
loud-sounding nothing,” and even the 
temperate, accommodating British For- 
eign Minister, Castlereagh, was fain to 
a mixture of sublime 


“ 


describe it as 
mysticism and arrant absurdity.” A pig 
in a poke remains a dubious bargain 
whatever the moral attitudes struck by 
its would-be vendor. 

The lethal power of war devices 
sharply increased in the latter part of 
the nineteenth century, with far more 
powerful propellants and weapons of 
far greater range and precision. When 
the conflict of 1914-1918 saw the re- 
adoption of Dubois Crancy’s damnable 


French revolutionary doctrine of har- 
nessing the entire human and material 
resources of a country to the prosecu- 
tion of “total” war, the particular cli- 
mate of opinion that would character- 
ize the immediate postwar years could 
clearly be envisaged. 

Ravaged, disillusioned, and utterly 
war-weary as Europe was, the assem- 
bly of a Disarmament Commission at 
Geneva, under the auspices of that com- 
placent monument of impotence, the 
League of Nations, was in the general 
philosophy of the time. 

Initially, febrile hopes were enter- 
tained not only that the crushing bur- 
den represented by the need to main- 
tain huge armaments would be substan- 
tially reduced, but that some means 
would be found of relieving the civil 
population of the dire consequences of 
unrestricted submarine and aerial war- 


fare. 


T was at this juncture that Commu- 

nist Russia’s representative, Maxim 
Litvinoff, blandly put forward a pro- 
posal for the universal abolishment of 
all armed forces. It was a suggestion 
that provoked such bewildered embar 
rassment in the other Powers’ delegates 
as to throw them into a state of hope- 
less confusion from which they never 
quite recovered. 

Even a multilateral reduction in 
armaments was found, on examination, 
to be virtually impracticable, since no 
one could agree who was to disarm 
with what, and to what extent. Obvi 
ously an inland power such as Hun- 
gary would not require a navy. On the 
other hand maritime powers such as 
Britain and the United States, with 
overseas responsibilities and a numer- 
ous mercantile marine with a right to 
demand protection, could scarcely be 
expected to do without one. 


And navies demand overseas refuel- 


ing stations, which in turn have to be 


garrisoned with regular troops. Further- 
more, with the wide differences in pop- 
ulation totals it was quite impossible 
to agree on a mean average figure for 
the police forces required to maintain 
internal order in the respective coun- 
tries, or to determine if, and how, they 
were to be armed. 

Assured that he could look for vocif- 
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erous support from the messianic my- 
opics the wide world over—utopians 
who invariably overestimate the power 
of human reason and underestimate the 
power of irrational forces—Litvinoff, 
tongue in cheek, kept the devil’s brew 
of confusion on the boil by tirelessly re- 
verting to his original theme. 

It was the Spanish delegate, Salvador 
de Madariaga, who came nearest to de- 
flating him when he regaled the Com- 
mission with the following shrewd lit- 


tle parable: 


66°F. HE story is told,” the Spaniard 

suavely informed his colleagues, 
“of a conference of beasts that once dis- 
cussed the question of disarmament. 
The lion spoke first, and looking at the 
eagle, suggested the abolition of wings. 
The eagle, turning to the bull, proposed 
doing away with horns. The bull, in his 
turn, regarded the tiger and demanded 
the elimination of claws. It remained 
for the bear to speak, and he proposed 
the abolition of every means of attack 
and defense, so that he might hug them 
closely in his loving embrace.” 

As it transpired, the only outcome of 
the interminable disarmament wrangle 
was the progressive military enfeeble- 
ment of Britain and France and the re- 
arming of Hitler’s Germany and Sta 
lin’s Russia. 

And now the wheel has swung full 
circle with Khrushchev’s disinterment 
of the proposal for total disarmament, 
to be carried out over a period of four 
years. With the appalling menace of 
nuclear warfare hanging like a thunder- 
cloud over the world, such a gambit is 
certain to enlist the support—heartfelt 
to the point of hysteria—of all those for 
whom peace is the longed-for objective, 
irrespective of the price that might have 
to be paid for it. 

Fair-sounding as it may appear, it is 
entirely necessary coolly and objectively 
to examine the implications embodied 
in the Communist leader’s proposition. 

To begin with, multilateral disarma- 
ment is no more than an empty phrase 
unless arrangements are agreed upon 
for multilateral inspection. And there 
experience gained in seeking to ensure 
1914- 
1918 conflict is anything but encourag- 


ing. Despite the best efforts of the Al- 


German disarmament after the 
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Control Commission, 


lied 


000,000 rifles, 39,000 field guns, and a 


some 4,- 


comparable number of machine guns 
Even 


spicuous chunks of hardware as the 


remained unearthed. such con- 
huge railway gun which had shelled 
Paris at a range of eighty miles, and 
the famous “Big Bertha,” the 15-inch 
that “told Dunkirk the 


time,” contrived to elude discovery and 


naval gun 


dismantlement. So did the German 
General Staff, which carried on as here- 
tofore discreetly camouflaged as the 
Land Survey and Geographical Depart- 
ment of the Ministry of the Interior. 

In a naval sense it must be agreed 
that had the Germans, instead of sur- 
rendering their fleet, sought in some 
way to hide it, their task would have 
been virtually impossible. But since 
those days the emphasis has changed 
from the conspicuous battleship and 
battle cruiser to the submarine; and 
nothing is easier to conceal than a sub 
mersible. (It is highly significant that 
the Khrushchev proposal regarding dis 
should immediately 


armament have 


The appalling menace of nuclear warfare 
lends credence to the myth of multilate- 
ral disarmament (Marine Corps photo). 


been followed by news of Russia’s in- 


tention to scrap her Sverptov-class 
cruisers!) Similar aptitude for conceal- 
ment applies to the intercontinental bal- 
listic missile and the apparatus for its 
launching. 

Furthermore, at what point does the 
man armed with the usual array of 
“conventional” weapons cease to be a 
soldier and become a policeman? Since 
Russia, like most other European coun- 
tries, employs a paramilitary police 
force—in her case supported by ar- 
mored cars and light tanks—disarma 
ment, which would be compelled to al- 
internal 


low some organization for 


security, would simply endow the 
Kremlin with the most numerous and 
powerful “conventional” force on the 
Continent. 

Against the ordinary policeman with 
a truncheon, the man with a rifle would 
be at an enormous advantage—by what- 
ever name he happened to be called. 

The plain truth of the matter is that 
you cannot tinker with the question of 
disarmament. Partial disarmament— 
the best that could be hoped for as long 
internal security re- 


as the need for 


mained—simply begs the question. 
Like peace, disarmament is indivisible. 

Nations are armed because they dif- 
fer; they do not differ because they are 
armed. It follows that in itself disarma- 
ment can never promote peace, but can 
only be the outcome of it. 

A little 


should make it abundantly clear that it 


coldly realistic reflection 
is not so much armaments as inequality 
of armaments that puts a premium on 
war. As long as there is anything like 
parity between the armories of the ma- 
jor powers, war becomes far too great 
a hazard for anyone to embark upon 
other than the imbecile-hysteric or the 


irresponsibly desperate. 


N effect, an even spread of arma- 

ments throughout the world permits 
that “maintenance of a just equilibrium 
between the members of the family of 
nations as should prevent any one of 
them becoming sufficiently strong to 
impose its will on the rest,” which was 
Castlereagh’s definition of what consti- 
tutes a safe and reliable balance of 
power. For while it is conceivable that 


the world’s leading states could be 
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equally strong, it is entirely inconceiv- 
able that they could be equally weak. 

“The Russians,” Chester Wilmot has 
cogently pointed out, “regard interna- 
tional conferences as opportunities for 
the recognition of situations which have 
already been created by the exercise of 
power, not as the occasions for the ne- 
gotiation of reasonable settlements, mu- 
tually acceptable.” By employing the 
ignis fatuus of disarmament to delude 
the easily duped amongst his own peo- 
ple and those of the “uncommitted” na- 
tions into the belief that he honestly 
stands for peace, the Russian leader de- 
signs to place the onus for any disturb- 
ance of it fairly and squarely on the 
shoulders of the Western powers—even 
were they driven to take the field in 
sheer self-defense. 

What appears to be insufficiently re- 
alized is that the Communist technique 
of diplomacy and negotiation differs 
almost completely from that practiced 
by Westerners. Trained to employ the 
devices of “double talk” and “double 
think,” Russian negotiators are guided 
by a code that is fundamentally Orien- 
tal. 

They expect their vis-®vis to be on 
the lookout for an attempt to cheat him, 
and to react accordingly. Naively to ac- 
cept anything at its face value earns the 
sort of contempt reserved by the bazaar 
carpet dealer for the customer who pays 
the first price he demands, without any 
attempt at bargaining. 

Their word is their bond only on the 
rare occasions when abiding by it prom- 
ises to pay a better dividend than dis- 
simulation. Truth 
sleeve to be played only if its unex- 


pected appearance will make sure of 


is an ace up the 


turning the trick. In normal circum- 
stances it is carefully shielded by an eye- 


taking bodyguard of lies. 


IKITA Khrushchev is an individual 
~ “who is quite prepared to reveal a 
lot about his aims in order to conceal 
more. There can, therefore, be no re- 
proach attached to calling his sincerity 
in this particular into grave question. 
faithful 


than he to the fundamentals of Com- 


For no man could be more 


munist doctrine. And by them it was 


long since laid down that “any ruse, 


cunning, unlawful method, evasion, or 
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concealment of the truth” is legitimate 
if employed to further the cause (Ref., 
“The Infantile Sickness of Leftism in 
Communism,” by N. Lenin). 
Leopards do not change their spots. 
The language may be encouraging, the 





Writing in the May-June 
1960 issue of Orpnance (Vol. 
XLIV, No. 240), Major Har- 
greaves said in an article en- 
titled “Truce of the Bear”: 


“Lenin early gave recogni- 
tion to Marx's fundamental 
doctrine when he wrote: ‘So 
long as capitalism and social- 
ism exist, we cannot live in 
peace. We are left, therefore, 
with the prospect of a state of 
coexistence which means the 
absence of both peace and war 
in the full sense of both words, 
which may last for years and 
perhaps generations to come. 
A better name for this state of 
things would be coexistence 
with conflict.’ 


“It was upon this rationali- 
zation of the problem that the 
Party line was framed. For in 
1938 Stalin, in his Commu- 
nist decalogue, ‘Leninism,’ 
roundly affirmed: ‘We are liv- 
ing, not merely in a state, but 
in a system of states, and it is 
inconceivable that the Soviet 
republic shquld continue to ex- 
ist interminably side by side 
with imperialist states. Ulti- 
mately, one or the other must 
conquer. Pending this develop- 
ment, a number of terrible 
clashes between the Soviet re- 
public and the bourgeois states 
must inevitably occur.’ 


“Since the frank exposé of 
concepts and intentions was 
penned, developments in nu- 
clear physics, on both sides of 
the Iron Curtain, have coun- 
seled certain modifications in 
the Soviet methods of conduct- 
ing a conflict which the Krem- 
lin still pursues with unabated 
zeal. 


“As both parties have come 
to realize, in any all-out ‘hot’ 
war the choice would lie be- 
tween defeat and race suicide 
entailed in the employment 
of major nuclear weapons.” 





attitude unexceptionable. But the pur- 
pose remains the same. That purpose 
was summarized once and for all in a 
brutally candid speech by the Kremlin 
mouthpiece, Dimitri Manuilsky. 


oe AR to the hilt between Commu- 

nism and Capitalism,” he de- 
clared, “is inevitable . . . Our time will 
come. To win we shall need the element 
of surprise. The bourgeoisie will have 
to be put to sleep. We shall begin by 
launching the most spectacular peace 
movement on record. There will be elec- 
trifying overtures and unheard-of con- 
cessions. The capitalist countries, stupid 
and decadent, will rejoice to cooperate 
in their own destruction. They will leap 
at another chance to be friends. As soon 
as their guard is down, we shall strike 
them with our clenched fist.” 

The “fist” could consist of the huge 
“conventional” forces retained, after 
“disarmament,” under the guise of 
paramilitary police. 

In the prevailing circumstances any 
proposal for disarmament—even for the 
limitation of armaments—is fraught 
with the most dangerous pitfalls. “The 
fox in his sleep dreams always of chick- 
ens,” and the Communist, sleeping or 
waking, is obsessed with his dream of 
world conquest and the triumph of his 
loathsome creed. It follows that no con- 
fidence can be reposed in planned 
weakness. It is far better to rely on 
planned strength. 

But regardless of this fundamental 
fact, on November 2, 1959, the 
United Nations’ General Assembly’s 
Political Committee unanimously 
adopted an 82-nation resolution calling 
for measures aimed at worldwide total 
disarmament “in the shortest possible 
time.” 

If the resolution was passed in the 
misguided belief that it would serve to 
stabilize world tranquillity then, in 
Franklin’s immortal phrase, it was no 
more than “spitting in the wind.” 

The representatives’ time would have 
been better occupied in the perusal of a 
little history—especially the writings of 
George Washington. For therein they 
might have come across the first Presi- 
dent’s unequivecal dictum: “The best 
method of preserving peace is to be 


prepared for war.” 
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Pershing 


A.0.A. Salutes the Career of the Commander in Chief of the A.E.F. 


N September 13, 1960, the United 

States will honor General of the 

Armies John J. Pershing on the 
centennial of his birth. 

Forty years ago Pershing was the 
military symbol of the still-youthful 
United States which had sent millions 
of her sons overseas to “make the world 
safe for democracy” in the “war to end 
wars.” Today the cynics and the beat- 
niks may laugh at such naiveté, but 
the Nation then believed in its ideals 
and fought to continue its progress 
toward achieving them. 

The early career of General Pershing 
was marked by frequent reassignments 
to widely varying duties. In the first 
fifteen years after his graduation from 
West Point in 1886 the young cavalry- 
man had fought the Apaches, Sioux, 
and Crees in the West and the Spanish 
at Santiago; had been a professor of 
military science and tactics at the Uni- 
versity of Nebraska; an assistant in- 
structor of tactics at the Military Acad- 
emy; had served three brief tours at the 
Headquarters of the Army; and served 
in Mindanao in the Philippines in both 
staff and command positions in the bat- 
tles against the Moros. 


ETWEEN his many staff and com- 

mand assignments, Pershing at- 
tended the Army War College in late 
1904 before proceeding to Japan as a 
military attaché, spending most of two 
years in Manchuria observing the 
Russo-Japanese War. At this time he 
was selected for promotion from cap- 
tain to brigadier general in the Regular 
Army. 

General Pershing received national 
recognition in 1916 as commander of 
the 10,000 men in the Mexican Punitive 
Expedition that broke up the revolu- 
tionary forces of Pancho Villa. In May 
1917, President Wilson designated Per- 
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shing, a major general of eight months, 
to be the Commander in Chief of the 
American Expeditionary Forces, and he 
was promoted to the grade of general 
four months later. 

The tremendous capability, strength 
of mind, and determination of General 
Pershing were taxed to the utmost in 
the following months as the bantam 
Regular Army, with no field headquar- 
ters of division level or higher, was 
rapidly expanded to create the two- 
million-man A.E.F. 

He was harassed by the problems of 
training recruits, utilizing foreign weap- 
ons and other ordnance, and establish- 
ing an unprecedented logistics system to 
supply the overwhelming output of the 
mobilized American industrial might 
which would sustain this force and the 
Allies. 

Furthermore, he was under tremen- 
dous pressure from our Allies to use 
American soldiers as fillers for the tired 
French and English forces. With iron 
purpose, Pershing refused to deviate 
from the plan of an A.E.F. combat 
army as such until the German attack 
of March 1918 began to roll with such 


success that Pershing temporarily made 
his forces available without limitation 
to Marshal Foch to meet and overcome 
the crisis. 

In September 1918, American troops 
moved into St.-Mihiel, and then into the 
Meuse-Argonne, and history was writ- 
ten. After the long build-up, the Amer- 
ican troops forced the collapse of the 
tired German forces in two months. 
Pershing and the American position 
were vindicated. 

In September 1919, Congress recre- 
ated the rank of General of the Armies 
in recognition of the distinguished per- 
formance of duty by General Pershing, 
the only person since George Washing- 
ton to be accorded this honor. Two 
years later General Pershing became 
Chief of Staff of the United States 
Army. During his tenure of office great 
strides were made in developing the 
citizen Army and in reorganizing and 
expanding the system of military edu- 
cation. 


PROBABLY his greatest contribution 

during this period was the modern- 
ization of the General Staff. While ac- 
knowledging the great difference in the 
needs of the then-isolationist country 
with a small army and those of to- 
day’s leading free nation, with troops 
stationed around the world, one cannot 
overlook the contrast between Persh 
ing’s relatively simple organization and 
today’s complex structure. 

Upon his retirement for age in Sep- 
tember 1924, General Pershing con- 
tinued to serve his country on special 
missions for successive Presidents. 

On July 15, 1948, General Pershing 
died at Walter Reed Army Hospital. 
He is buried on a knoll in Arlington 
National Cemetery where a simple 
headstone marks the grave of this great 
American soldier. 
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Airlift—The Weak Link 


Although the U. 8. has defense commitments around the world, the 


aircraft of our M ilitary Air Transport Service average more than 


ten years of age and they are too few to meet all requirements 


HERE is considerable evidence 
that our national leadership now 
means to repair what currently 
link in our defense 


is the weakest 


chain—the inadequacy of airlift. Dur 
ing the late days of the last session of 
Congress the Armed Services Commit- 
tee of the House of Representatives, be- 
cause of its grave concern about the 
obsolescence of the equipment of the 
Military Air Transport Service, ap 
pointed a subcommittee to hold hear 
ings and review this situation. 


The Hon. L. Mendel 


chairman of this 


Rivers, able 
subcommittee, 
promptly called upon the military lead- 
ership to present full and pertinent 
facts on the status of airlift to meet our 


military requirements. 


'I‘HE testimony before the Rivers 
“Committee, lately available, indi- 
cates clearly some glaring deficiencies 
in airlift availability to meet generally 
accepted war plans. The military lead- 
ers who testified before the Rivers Com- 
mittee, representing all three services, 
seemed to agree with more than normal 
unanimity that inadequate airlift may 
be the withered arm or the club foot 
on our military posture today. Some 
of the Rivers Committee findings may 
be summarized as follows: 

t. The MATS fleet of some 450 air- 
planes is nearing an average of 10 years 
of age; some of its planes were designed 
nearly 20 years ago! 

2. There are only thirty-nine modern 
strategic airlift aircraft in the whole 
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with offices situated in Wash- 
ington, D. C. 





fleet. Eleven more are to be delivered. 
Only fifty are in prospect. 

3. The Strategic Army Corps stands 
ready to move essential and initial ele- 
ments within an hour. There is not 
enough airlift to move the Strategic 
Army Corps to either European or Far 
Eastern theaters of operation. There are 
great deficiencies in airlift availability 
for the movement of its essential weap- 
ons. 

4. The military forces which would 
require airlift simultaneously in event 
of emergency include the Strategic 
Army Corps, airborne forces in Europe, 
airborne forces in the Pacific, main- 
tenance crews and technical elements of 
the Strategic Air Command, mainte- 
nance crews and supporting forces of 
the Tactical Air Command, plus air- 
borne elements of the Navy and Ma- 
rine Corps. In event of limited war, two 


or three of these requirements might 
well develop simultaneously. In event 
of general war all of these forces would 
have simultaneous requirements for air 
lift support. MATS aircraft capability 
to meet all these requirements is now 
hopelessly inadequate even when re 
enforced by the airlift elements of the 
Tactical Air Command and by the ad- 


dition of the civil reserve air fleet. 


HE Rivers Committee was so im- 

pressed with the serious implications 
of the airlift shortage that Mr. Rivers 
appeared before the Appropriations 
Committee of the House and urged the 
addition of some $334,000,000 to the 
1961 budget for the procurement of at 
least 50 airplanes of tactical airlift type, 
and 50 off-the-shelf jet cargo aircraft 
to meet strategic airlift requirements. 

He also endorsed the allocation of 
$50,000,000 for the early initiation of 
research and development of a modern 
strategic airlift type. The Congress re 
sponded to his warning and advice by 
appropriating $250,000,000 of the $384,- 
000,000 Mr. Rivers requested. 

Military leaders, in their testimony 
before the Rivers Committee, pointed 
out that the requirements of modern 
war in the atomic era and missile age 
have tremendously increased the need 
for airlift in military operations. They 
also stressed the point that we have 
with thirty 
other nations, and that these nations 


military alliances some 


are almost entirely without airlift of 
their own. Their effectiveness as allies 
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can be greatly increased by the pro- 
vision of American airlift. 

A strange anomaly also was brought 
out by the testimony before the Rivers 
Committee. In any contest with our 
principal adversary, Russia, the latter 
has the distinct advantage of operating 
on interior lines of communication, 
whereas the United States must operate, 
by the chance of geography, on exterior 
lines. This means that the requirement 
for airlift by American forces is much 
greater and requires planes of consider- 
ably longer range. 

Despite this geographic advantage for 
Russia, there is definite evidence that 
the Kremlin has placed greater empha- 
sis on modernizing its air fleets than 
has the United States. There are sev- 
eral excellent cargo and personnel car- 
riers now flying in Russia, both turbo- 
prop and turbojet, modern and ade- 
quate in every respect. 

Mr. Rivers and members of his com- 
mittee, after identifying the 
inadequacy of our airlift, 
made considerable effort to 
determine the reasons. Gen. 

Lyman Lemnitzer, the able 
Chief of Staff of the Army, 
expressed the view that the 
primary reason was due to 
budgetary _ considerations. 
He pointed out that both 
the Army and the Air 


Force expended all the 


funds allocated to them on what they 
considered to be higher-priority weap- 
ons systems, 

Some members of the committee 
seemed to feel that airlift was in the 
unfortunate position of being every- 
body’s business—and therefore nobody’s 
business. It was a mission which the 
Air Force had to supply for the Army. 
It was suggested that if the Army had 
the airlift availability organically as- 
signed to it, it would receive greater 
emphasis. General Lemnitzer did not 
agree that the Air Force slighted the 
airlift mission for lack of interest; he 
thought it was for lack of funds. 
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The first requirement to correct the 
airlift situation is, of course, a realiza- 
tion on the part of our national leader- 
ship of the tremendous importance of 
airlift in modern warfare. Thereafter, 
one may well inquire what steps can 
be taken to raise our airlift availability 
to our war-plans requirement. 

There seems to be a general agree- 
ment between military and congres- 
sional leadership that the MATS fleets 
urgently need to be modernized, This 
can be accomplished by initiating with- 
out delay the design of new types of 
cargo aircraft. There must be a realiza- 
tion that at least two types are required, 
both tactical and strategic. 

One serious mistake which might be 
made would be to endeavor to incor- 
porate in one design all the diverse re- 
quirements of both the long-haul and 
the short-haul, the strategic and tactical 
types. The state of the art does not per- 
mit the design of one type of airplane 
to perform both tasks with optimum 
efficiency. 

For example, the inclusion of air 
drop characteristics in the long- 
range or strategic cargo 

jet automatically 


would add sev- 


eral thousand 
pounds to its weight, 
correspondingly __re- 
duce its 
pacity, and reduce its speed at least 50 
miles an hour. Its range also would 


ca rgo Cca- 


suffer. 

Testimony before the Rivers Commit 
tee indicated an urgent necessity to 
repair with minimum loss of time our 
deficiency in airlift. The quickest way 
to modernize MATS is to procure ex- 
isting and available types at once. The 
Army testified that the C-130B and 


possibly the Canadian CL-44 would 


meet the requirements for tactical air- 
lift. Similarly, there are at least two 


adequate types of strategic cargo jets 
available for procurement at an early 
date in the Douglas DC-8 and the 
Boeing 707 cargo versions, Each of 
these types, with minimum modifica- 
tions, can be rolling off assembly lines 
in less than 2 years, and the initial 1o00- 
plane requirement could be delivered in 
less than 3 years. 

Concurrently with this procurement 
of these available types, all the necessary 
steps for the design and engineering of 
new types for tactical and strategic air- 
lift can proceed. It will take three to 
five years for the prototypes to be avail- 
able and tested, and it will be an addi- 
tional two to three years before planes 
of this type can be procured in the 
quantity needed. 

Since it was generally agreed that 
budget considerations had been control- 
ling in the failure to modernize MATS, 


MATS C-113 Cargo- 
airlift so 


this fact must 
have been overlooked 

by the national planners: 
one hundred modern jet 
cargo airplanes of types now 
available will do the work 

of the 450 planes now 
operated by the 

Military Air 


Transport 


Service. 

The new fleet of aircraft to 
modernize MATS, therefore, will pay 
for itself in savings—personnel, main- 
tenance, and operational expenses—in 
tess than five years. This valid conclu- 
sion flows from the fact that one mod- 
ern cargo jet will do the work of five 
of the less efficient, obsolescent aircraft 
now in the MATS inventory. 

Since it seems generally agreed that 
a modern airlift plane should be de- 
signed and tested as a matter of ur- 
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gency, a proposal by Senator Monroney, 


supported by General Quesada, is wor- 
thy of serious consideration, Senator 
Monroney, long known as Mr. Civil 
Aviation of the Senate, and General 
Quesada, able administrator of the Fed- 
eral Aviation Agency, have introduced 
and sponsored an interesting idea, The} 
have pointed out that the military will 
never be able to have in peacetime the 
full airlift requirement for war. 

For that reason they propose the de- 
sign and development of a cargo air- 


plane for commercial use that would 


have an operating cost of four cents per 
ton-mile. They visualize that the availa- 
bility of such an airplane will automati- 
cally lead to the growth of an air-cargo 
industry in this country comparable to 
the present status and stature of the 
passenger airlines. They envision with 
the availability of such an airplane a 
dramatic increase in the use of cargo 
aircraft which will have as an impor- 
tant by-product a tremendous growth 
influence on the whole national econ- 
omy. 

They suggest that within a few years 
there would be a requirement for at 
least 1,000 and perhaps several thou- 
sand such cargo aircraft, daily operated 
by civilian crews, which would be im- 
mediately available in event of emer- 
gency to augment the airlift in the Mili- 
tary Air Transport Service. 

It is not alone lack of adequate fund- 
ing for the procurement of cargo air- 
craft which is of vital concern. The 
lack of experimentation and research 
funds is important too. It is axiomatic 
that successful operations in warfare re- 
quire the ultimate in speed, The mili- 
tary will be interested, therefore, in 
supersonic transport aircraft. This will 
enhance immeasurably the speed and 
effect of our announced retaliatory ef- 


fort. 


HERE are other interesting possi- 

bilities in the air-transport field 
which require attention and effort from 
the scientific and technical community. 
There are those who feel that battlefield 
supply may one day be done efficiently 
with rockets. Recently an Atlas missile 
delivered a warhead of several hundred 
pounds to a target 9,000 miles away. 
The Russians recently reported a rocket 
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“In any contest with our 
principal adversary, Russia, 
the latter has the distinct ad- 
vantage of operating on in- 
terior lines of communication, 
whereas the United States 
must operate, by the chance of 
geography, on exterior lines. 
This means that the require- 
ment for airlift by American 
forces is much greater and re- 
quires planes of considerably 
longer range. 

“Despite this geographic ad- 
vantage for Russia, there is 
definite evidence that the 
Kremlin has placed greater 
emphasis on modernizing its 
air fleets than has the United 
States. There are several ex- 
cellent cargo and personnel 
carriers now flying in Russia, 
both turboprop and turbojet, 
modern and adequate in every 
respect... 

“The first requirement to 
correct the airlift situation is, 
‘of course, a realization on the 
part of our national leadership 
of the tremendous importance 
of airlift in modern warfare. 
Thereafter, one may well in- 
quire what steps can be taken 
to raise our airlift availability 
to our war-plans requirements. 

“There seems to be a gen- 
eral agreement between mili- 
tary and congressional leader- 
ship that the MATS fleets 
urgently need to be modern- 
ized. This can be accomplished 
by initiating without delay the 
design of new types of cargo 
aircraft. There must be a re- 
alization that at least two 
types are required, both tacti- 
cal and strategic. 

“One serious mistake which 
might be made would be to 
endeavor to incorporate in one 
design all the diverse require- 
ments of both the long-haul 
and the short-haul, the stra- 
tegic and tactical types.” 





flight of their own of more than 8,000 
miles. A considerable group of scien- 
tists in the National Aeronautics and 
Space Administration are now preoccu- 
pied with rocket experiments looking 
to a soft landing on the moon, 
Strangely enough, no one seems to 
be spending enough effort toward the 


use of rockets in placing needed mili- 
tary cargo anywhere on earth. 

Military leaders have well stated the 
requirement for airlift in our current 
war plans. They have pointed to our 
NATO, SEATO, and other alliances, 
indicating a definite and urgent re- 
quirement for airlift. They have pointed 
to the fact that our requirement for 
foreign bases makes airlift for supplies 
and air movement of SAC and TAC 
crews an urgent necessity. 

There has been less stress on what 
may well be the most important mission 
required of airlift. Undoubtedly any 
nuclear attack on the United States 
would be followed immediately by the 
landing of enemy airborne forces. After 
nuclear attack, communications will be 
seriously interrupted and impaired. 

In a matter of hours the Strategic 
Army Corps and the National Guard 
will need to be moved to many sections 
of the United States to deal with enemy 
airborne landings, and to reenforce the 
local police to prevent looting and re- 
store order. 


A PLAN, a budget, and a time sched- 
ule to meet our minimum airlift 
deficiencies might well be as follows: 

1. Order immediately 100 cargo jets 
of existing types for strategic lift at a 
cost of $800,000,000. 

2. Procure at once 50 tactical cargo 
planes of existing types at a cost of 
$200,000,000. 

3. Initiate at once research, design, 
and tests of both tactical and strategic 
new types with civil cargo compati- 
bility, at a cost over a 4-year period of 
750,000,000. 

4. Procure 100 each of these new 
types 5 to 8 years hence at a total cost 
of $1,500,000,000. 

This over-all expenditure of some 
$3.25 billion is admittedly large, but it 
represents less than $400 million a year 
over an 8-year period. By comparison, 
our leaders plan to expend at least a 
billion dollars a year on our space ven- 
tures. 

Our experiments in space are neces- 
sary and important, but they have not 
nearly the decisive impact on our 
chances of survival as does adequate 
airlift. We can and must afford all the 
weapons required for our survival. 
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Make Weapons Simple 


Our modern arms and equipment must be durable, reliable, easy 


to operate and to maintain, and reasonable in cost as well 


INCE World War II a great deal 

of money, time, and effort have 

been expended on the develop- 
ment of combat vehicles for the Army. 
From a technical standpoint the user 
today has equipment with vastly in- 
creased capabilities over that used dur- 
ing World War II and Korea. 

For example, weapons for our tanks 
have progressed from the inefficient 37- 
and 75-mm. guns on the M3 and M4 
tanks to the extremely potent 105- and 
120-mm. guns mounted on the M6o 
and M103 tanks. Cruising ranges of our 
combat vehicles have been increased in 
the last few years from less than 100 
miles to well in excess of 200 miles, 
and in some cases to more than 300 
miles. 

Personnel carriers have gone from 
the relatively immobile, open-top, half- 
tracks to the highly mobile, fully ar- 
mored M59 and Mrr3. These latter 
vehicles now provide our infantry with 
excellent cross-country mobility and the 
capability of traversing inland water- 


ways. 


RTILLERY has progressed from 
vehicle-drawn fieldpieces to highly 
mobile, self-propelled guns and mis- 
siles. But at what price have we gained 
these technical advances? Our equip- 
ment has become more complicated, 
more expensive, and less reliable and 
durable than the user requires. We shall 
discuss the evaluation of our combat 
vehicles against these criteria. 
Down through the years, the user 
has repeatedly emphasized the require- 
ment for increased reliability and dura- 
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bility in his combat vehicles. In addi- 
tion, he has habitually requested that 
emphasis be placed on simplified main- 
tenance and a reduction in time re- 
quired for, and frequency of, mainte- 
nance operations. 

Reliability is defined as the capability 
of trouble-free operation of an end item 
in accordance with its military charac- 
teristics without repair, adjust- 


ment, service, or replacement 


which are not preplanned as a » 

part of normal maintenance =: eee 

hone eae] the reliability nor durability cri- 
terion is being met. 


service for the end item. 

The user’s goal for reliability 
has been stated as “a degree of reliabil- 
ity which would eliminate the require- 
ment for adjustment and service be- 
tween scheduled maintenance services.” 
These scheduled maintenance services 
are now required every three months on 
both wheeled and tracked vehicles. In 
essence, then, what the user requires is 
vehicles that will meet this criterion 
without requiring any maintenance 
other than adding the necessary fuel, 
oil, and possibly some limited lubrica- 
tion. 

Durability, on the other hand, is de- 


fined as “the capability of an end item 
to perform according to its military 
characteristics during a certain period 
of time, or miles of operation, without 
failure or excessive wear beyond pre- 
scribed limits, of any part, assembly, or 
component, other than those which are 
preplanned as described by pertinent 
technical maintenance manuals as part 
of normal maintenance services of the 
end item.” 

The user’s criterion in respect to dur- 
ability is stated as follows: (1) For 
tracked combat vehicles—a degree of 
durability that will permit 2,000 miles 
or 200 hours of operation without re- 
quiring repair beyond the scope of or- 
ganizational maintenance, or 4,000 
miles or 400 hours before requiring re- 
build. (2) For wheeled, tactical vehicles 
—a degree of durability that will per- 

mit 10,000 miles of operation 

“& without field maintenance and 
without 


Today, 


20,000 miles 


depot 


maintenance. neither 


The user is concerned with this prob 
lem. Why? Let us review the results 
of a service test which was just com- 
pleted on a new developmental combat 
vehicle. 

This vehicle was operated 
country and on secondary and improved 


across 


roads for 3,178 miles, at which time 
the test was suspended to permit exten- 
sive modification. During this period 
of operation a total of 723 man-hours 
were expended in maintaining this ve- 
hicle—424 hours of which were non- 
scheduled. After modifications had been 
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applied to the vehicle, it was operated 
for an additional 1,987 miles. During 
this period, an additional 466 man- 
hours were expended on maintenance, 
254 of which were nonscheduled. 

In summarizing this test from a re- 
liability and durability standpoint, we 
find that this vehicle was operated for 
a total of 5,165 miles and that 1,198- 
man-hours were expended in maintain- 
ing the vehicle, 678 man-hours of which 
were nonscheduled. 

Of course, these maintenance require 
ments were excessive. In this instance, 
the vehicle required 2.26 man-hours of 
maintenance per hour of vehicle opera 
tion during the initial testing, and 2.65 
man-hours of maintenance per hour of 
vehicle operation after modifications. 
Note the increase of 0.39 man-hour re- 


quired after modification. 


HIS is only one example of a devel- 

opmental vehicle. Other current and 
developmental vehicles are not much 
better. As a result of a recent field sur- 
vey conducted by Ordnance, it was de 
termined that the best wheeled tactical 
vehicle had only a 42 per cent proba- 
bility of surviving 20,000 miles and the 
best tracked combat vehicle had only a 
3 per cent probability of surviving 
4,000 miles. 

Some samplings of this survey show 
the following results. The maintenance 
records of 272 tracked vehicles of one 
type were examined. These vehicles had 
operated for an average of only 1,551 
miles, yet they had experienced 117 en- 
gine failures, 121 transmission failures, 
10 final-drive and 10 major-suspension 
failures that required Ordnance mainte- 
nance. 


Over 400 tracked vehicles of another 


type which had operated for an a3 


average of 2,087 miles listed the 

following major failures: 299 

engines, 257 transmissions, 8 

final drives, 53 major suspen- 

sions, 44 accessories, and 10 aux- 

iliary generators. The average life in 

miles of these major components was 

on the order of 1,100 to 1,500 miles. 
This lack of reliability and durability 

has a tremendous impact on the user. 

Maintenance of this magnitude requires 

vast numbers of mechanics to keep an 


acceptable number of the tactical unit’s 
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“Regardless of improvements 
achieved in design simplicity, 
we will continue to have train- 
ing requirements. We do not 
expect equipment to be so sim- 
ple to operate that no training 
time will be required.” 





vehicles operational. This problem can 
be appreciated when we look at the 
table of organization and equipment of 
the tank battalion in the current In- 
fantry division. This battalion has a to- 
tal of 766 officers and men, and is 
equipped with 107 combat vehicles. 

The startling thing about these fig- 
ures is that of these 766 men, 103 are 
assigned to maintenance jobs of some 
types. This is a ratio of almost one man 
per combat vehicle. With this number 
of personnel we could man another tank 
company. Note that these men do noth- 
ing higher than second-echelon repairs. 

In addition, we have the Ordnance 
battalions, signal repair teams, and 
countless others working at higher eche- 
lons to support these vehicles. 

Such statistics are equally startling 
when compared with the reliability and 
durability of current commercial equip- 
ment. For example, there are many in- 
terstate trucking companies and bus 
lines that measure the life of compo- 
nents and vehicles in hundreds of thou- 
sands of miles and to whom breakdown 
on the road is intolerable. 

These are the same kind of compo- 
nents and vehicles designed by the same 
engineers and manufactured by the 
same companies that develop and pro- 
duce the and 
vehicles for the Army. Commercial ve- 


components military 
hicle design and operations have bene- 
fited greatly, in the past thirty 
years, from the vast improve- 
ment in roads which this coun- 
try has enjoyed. 
Unfortunately, the require- 
ments for military vehicles op- 
erating in the battlefield environment 
are diametrically opposed to the criteria 
for vehicles operating in this commer- 
cial environment. In fact, the commer- 
cial and the military environments have 
become so widely divergent that the 
user cannot expect the development of 
satisfactory military vehicles to come 


about as a free by-product of normal 
progress in the commercial automotive 
industry. 

Perhaps it would help if vehicle de- 
signers and producers recognized that 
a tremendous gap exists between the 
commercial and military environment 
and placed greater emphasis on envi- 
ronmental engineering. By environmen- 
tal engineering is meant the responsi- 
bility of ensuring that the vehicle and 
its components will meet the expressed 
maintenance criteria in the field and 
under Army environment. 

It is not enough that an engine per- 
form well on a test stand or in a test 
vehicle under controlled conditions, or 
in a commercial application on super- 
highways. The commercial engine, for 
example, when installed in a military 
vehicle and operated in a battlefield en- 
vironment, must be protected by more 
efficient air, oil, and fuel filters than re- 
quired in the commercial environment. 

We are not proposing abandonment 
of the use of commercial components. 
We are only highlighting the problem. 
The Army cannot afford to duplicate 
development costs and to amortize the 
costs of special tooling over short pro- 
duction runs. Industry must therefore 
undertake to develop ancillary protec- 
tive devices to assure that commercially 
developed components will survive in 


the military environment. 


NDUSTRY must continue to recog- 

nize the Army as the expert in mat- 
ters affecting the military environment. 
With this relationship, we may expect 
a renaissance in such projects as: (1) 
Improvement of air-intake systems, 
crankcase breathers, oil and fuel filters; 
(2) development of sealed brakes and 
the application of retarders; (3) design 
of fail-safe and foolproof devices to pre- 
vent the destruction of expensive en- 
gines and transmissions; (4) incorpora- 
tion of check-out and test features in 
systems and components; (5) applica- 
tion of prelubricated or self-lubricating 
assemblies, potted or sealed, to preclude 
tampering and developed for long, serv- 
ice-free life before being thrown away. 

Another possible solution might be 
the implementation of a maintenance in- 
spection system that will ensure that 
equipment meets the criteria, prior to 
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issue to the user. In this respect, a pen- 
alty might be imposed on the producer 
should these criteria not be met. For 
example, the producer could possibly be 
required to defray the cost of mainte- 
nance for a reasonable period of time 
after issue. This system works quite 
well in the commercial vehicle indus- 
try. 

While the user is aware that avoid- 
ance of complexity through simple de- 
sign may be possible, he is equally 
aware that many of his requirements do 
not lend themselves to simple design 
approaches. As a result, some of our 
equipment has necessarily become more 
complex. This is essential, in many 
cases, simply because we must be able 
to compete in the technological ad- 
vances attained by any enemy. 

As stated earlier, this same complex- 
ity is exacting increasing costs in time, 
personnel, and material to support the 
equipment once it is in the field. Our 
principle in considering simplicity of 
Army equipment is that complexity in 
design may be necessary but that the 
operation and maintenance of the 
equipment must be as simple as possi- 
ble. 

Let us look at some examples of past 
equipments that were somewhat diff- 
cult to operate and see what has been 
done to improve or correct these prob- 
lems. Tank driving, during World War 
II, was quite an art. Through long 
training and experience some of our 
soldiers did finally master it. However, 
synchromesh 


the constant-mesh and 


transmissions left much to be desired. 


HIS deficiency has been corrected in 

our current tanks by the use of auto- 
matic transmissions that are very easy 
to shift up and down, reverse, or pivot. 
Thus, from the requirement to man- 
handle the M4, design change has sim- 
plified the M48 and Mé6o driving con- 
trols to the extent that our wives can 
now operate them. 

Another example is in the tank gun- 
nery methods required then and today. 
With the M4, the tank commander was 
required to estimate the range to the 
target, relay this estimate to the gunner 
who would place the range line of his 
periscope reticule on the target. 

Often the gunner was required to in- 
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terpolate the range between these refer- 
ence points on the reticule and was re- 
quired to refer to a data card for some 
types of ammunition. As a result, the 
first round hit probability was low, par- 
ticularly at the longer ranges, and far 
too much time was required to fire a 
complete problem. 

Through the use of rangefinders and 
computers the art of gunnery, from a 
training and operational standpoint, has 
been simplified to the extent that the 
fire-control systems of 74 28 


our recent tanks will = 
require only the fol- , 
lowing action: 

The commander de- 
termines the range to* 
the target by using his range-finder. 
Superelevation necessary to correct 
for the range is automatically trans- 
mitted to the gunner’s sight reticule. All 
the gunner is required to do is place 
his sight reticule on the target and fire. 
The speed, accuracy, and simplicity of 
operating the new gunnery system more 
than 


complexity of the equipment. 


compensates for the additional 
Simplicity of operation of equipment 
reduces training requirements—an im- 
portant goal to consider in the design 
of equipment. No longer do wide 
oceans protect us from our enemies and 
give us time for preparation after hos- 
tilities begin. Every decrease in training 
requirements brought about through 
simplicity of design will help to com- 
pensate for our loss of build-up time. 
It is true that, regardless of improve- 
ments achieved in design simplicity, we 
will continue to have training require- 
ments. We do not expect equipment to 
be so simple to operate that no train- 
ing time will be required. What is 
needed is a coordinated effort of in- 
creased efficiency of training and sim- 


plicity of equipment. 





“As a result of a recent field 
survey conducted by Ord- 
nance, it was determined that 
the best wheeled tactical ve- 
hicle had only a 42 per cent 
probability of surviving 20,- 
000 miles and the best tracked 
combat vehicle had only a 3 
per cent probability of surviv- 
ing 4,000 miles.” 





The Army has embarked on a new 
training concept in the Reserve pro- 
gram, for example. In line with the 
Army” concept, the training 
standards of National Guard and Re- 


serve units are now the same as for the 


“One 


active Army. Instead of the year of 
training necessary for Reserve units 
brought on active duty when the Ko- 
rean action began, our Reserve forces 
must now be ready forces. 

Because of the limited training time 
available to Reserve units, they cannot 
accomplish their mission unless the 
equipment is simple to operate and 
consequently requires a short training 
time. 

Design simplicity also is essential 
from a maintenance standpoint. The 
present requirement for so many spe- 
cial tools and highly skilled technicians 
must be reduced. 

In this respect the designer and pro- 
ducer must consider that any criterion 
in determining acceptable skill levels 
should be predicated on the native abili- 
ties of the population and not on the 
skill level an engineer would consider 


possible under field conditions. 


5 ew brings us to the final aspect of 


the equipment. Of course, there is a 


real limit to the funds available, and we 
will need more and more items of new 
and improved equipment to modernize 
our ground forces. 

This may mean that new equipment 
will be less sophisticated and less per- 
fect than desired, but we must empha- 
size those aspects of equipment that 
are essential to perform the required 
mission and omit those things that are 
marginal or “nice to have.” 

We stand to lose if the end piece of 
equipment wears out before it can be 
brought to bear against the enemy, 
breaks down at a critical moment, is 
too complicated to be operated and 
maintained by a fatigued, frightened 
youth of average or less intelligence, 
and, finally, is so costly that the country 
cannot afford to buy a sufficient quan- 
tity. 

This, then, is the final requirement. 
In addition to being highly mobile and 
effective, equipment must be durable, 
reliable, simple to operate and main- 


tain, and of reasonable cost. 
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Artillery Forward! 


With guidons streaming and horses straining, the field batteries of 


the North and South presented a gallant picture as they galloped 


over rough terrain and wheeled their preces into position for battle 


J HEN the Confederates rolled 
rocks down the slopes of Look- 
out Mountain and Missionary 

Ridge upon an assaulting enemy, they 
were using an early form of artillery. 
From the force of gravity the catapult 
had taken over; then gunpowder and 
the cannon. 

In the western battles of 1863, as for 
centuries before, men marched to the 
sound of the guns. Smoke billowed 
across Chickamauga Creek and cur- 
tained the Georgia woods. 

From flaming muzzle or bursting 
shell it thickened the mist of the Bat- 
tle above the Clouds where fieldguns 
fired down from the heights, as from 
towering battlements, and were an- 
swered by siege and light pieces from 


the valley. 


HEY had come rumbling into ac- 
tion, those Blue and Gray batteries, 
a gallant sight behind their streaming 
guidons. One hundred and fifty-five 
officers and enlisted men, if they had 
their full quota, which they infre- 
quently did. Captain, lieutenants, ser- 
geants and corporals, cannoneers and 
drivers, buglers, guidon-bearer, and 
artificers. Four to six guns, twice as 
many caissons, and limbers for all. Be- 
hind lumbered battery wagons. 
One hundred and fifteen horses, sad 
dle and draft, carrying riders or keeping 
traces taut. Each 6-horse gun or caisson 


team pulled a weight running up to 
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Fairfax Downey 





Colonel Downey, author of 
the recently published “Clash 
of Cavalry,” is a well-known 
Civil War scholar. 

This article is taken from a 
chapter of Colonel Downey's 
latest book which is due to 
appear this fall, and represents 
the second in a series of arti- 
cles on Civil War matériel 
which Orpnance will pub- 
lish during the centennial of 
the War Between the States. 





3,800 pounds, including the ammuni- 
tion and the cannoneers seated on the 
chests. 

Miring mud and jutting underbrush 
seldom halted them. Through narrow 
forest trails they sped, men and horses 
whipped and battered by branches. 
They jolted over miserable roads, or 
vestiges thereof, or rough ground where 
there was no road at all. 

The toughest going was ascending a 
mountain incline, drivers bent low over 
pommels and urging on their pairs, 
climbing like cats. Or sliding down the 
steep descents, with sturdy wheelers 
bracing back 
breeching, and cannoneers crouching 
forward on the chests in dread of those 


mightily against the 


crushing pounds of metal and wood 
behind them. 

Finally the bugle blast for action 
sounded, trails were unhooked and 
dropped, unlimbered carriages whirled 


to the rear, and the guns spoke. 


“They spoke a powerful language.” 
Crews swarmed around them, ramming 
powder charge and projectile or fixed 
round into muzzles while the vent was 
thumbed lest smoldering grains from a 
previous load ignite the new one and 
blow off the rammer’s arms. Cannon- 
eers primed, gunners sighted. 

“Fire!” and lanyards jerked, pieces 
leaped back in recoil, and shells soared 
through a wreath of flame and smoke 
to burst among the enemy. And there 
was none who manned the guns who 
would not echo that boast of the Penn- 
sylvania battery: “In our eyes no branch 
of the service was equal to the artil- 


lery.” 


N tones of thunder the Napoleons, 

the Parrotts, the 3-inch James and 
Ordnance rifles, and the howitzers spoke 
at Chickamauga and Chattanooga. For 
the North there had been cannon 
enough at the beginning. In 1861 the 
supply of smoothbore pieces, unlike that 
of small arms, had been adequate. Pro- 
vision of artillery kept pace with bat- 
teries trained to man it through a war 
which was primarily the infantryman’s 
—a war in which the Union Army was 
issued 7,892 cannon in contrast to more 
than 4,000,000 small arms. 

By 1857 the Government had adopted 
the Napoleon, a bronze, smoothbore 
gun-howitzer, a 12-pounder (so called 
from the weight of the solid ball it 
fired). Named after the French Em- 
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peror, Napoleon III, this light fieldpiece 
(some 1,230 pounds) became the artil- 
lery work horse of the Civil War. 

It lacked the range, accuracy, and 
penetrating power of the rifled cannon, 
but it stood unmatched for the type of 
warfare it met—for close fighting in the 
woods and for the defense of entrenched 
positions; above all for the lethal blasts 
of canister, single, double, and triple 
charges, it delivered at ranges descend- 
ing from 600 yards to point-blank. 

Tredegar and other Confederate 
foundries began turning out Napoleons 
on the designs of former U. S. Ord- 
nance officers who had joined the 
South. Those products, however, were 
inferior to the Northern-made, battle- 
field captures of which were eagerly 
sought. Through such trophies, arsenal 
seizures, and manufacture the Confed- 
eracy kept comparatively well supplied. 
It was the increasing shortage of horses 
for the teams that was finally crippling. 


aren YVAL of Napoleons by artil- 

lerymen and the high command of 
both sides carried through the war. A 
gunner in Lumsden’s Confederate bat- 
tery remarked that the Yankees boasted 
that “with their 3-inch rifles they could 
hit the top of a barrel at a mile. But just 
let them get within a thousand yards, 
and we'll outshoot them every time 
with our Napoleons.” 

In General Grant’s reorganization of 
the Army in March 1864, numbers of 
batteries armed with rifled cannon were 
issued Napoleons in their place. 

Along with the Napoleons rolled 
other makes and calibers whose variety 
was exceeded only by that of shoulder 
and handguns. Many a battery was 
armed with two types, the disadvantage 
of carrying the two sorts of ammuni- 
tion somewhat countered by the op- 
portunity to use one type of gun or the 
other in a mission for which it was bet- 
ter suited, 

As to the complexity of armaments, 
Birkhimer observes that “the field ar- 
tillery with Rosecrans’ army, February 
8, 1863, was made up of thirty-two 6- 
pounder smoothbores, twenty-four 12- 
pounder howitzers, eight 12-pounder 
smoothbores, twenty-one James rifles, 
thirty-four 10-pounder Parrotts, two 
12-pounder Wiard steel guns, two 
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6-pounder Wiard steel guns, two 16- 
pounder Parrotts, and four 3-inch Ord- 
nance guns,” 

Smoothbores were making their last 
bow, though an impressive one. The 
day of the rifled cannon had dawned. 

In striking array the rifled pieces 
stand today with the smoothbores in 
the National Military Park in the posi- 
tions where they were fought almost a 
hundred years ago. Two or three bat- 
teries here, a 2-gun section or single 
cannon there—in woods, on a plateau, 
or frowning down from summits. You 
can sight along their barrels toward 
where their targets lay and visualize 
the circumstances when the iron or 
steel rifles dropped their shells at a dis- 
tance and with a precision the Napo 
leons could not equal. 

There stand the Parrotts with their 
characteristic iron jackets shrunk on 
over the breech, giving them their 
sturdiness—Parrotts that had poured 
forth from the West Point foundry— 
the 10- and 20-pounder fieldpieces, the 
30-pounder siege guns. Yonder are 
ranked trim 3-inch Ordnance rifles 
(sometimes called Rodmans), always ef- 
fective but especially favored by horse 
artillery, and 6-pounder guns and 12- 
pounder howitzers lift their now mute 
muzzles. 

Ghostly cannoneers seem to pat the 
stubby barrels of the 12- and 24-pound 
howitzers. Smoothbores like the Napo- 
leon but not as popular and of shorter 
range, their charges of spherical case 
(shrapnel) and canister were nonethe- 
less deadly within their limits. Crews 


were fond of them because of their 
light weight, one-third less than the 
Emperor’s namesakes. With tired artil- 
lerymen it counted to have a lighter 
piece to manhandle into a position 
which teams could not reach or to an 
exposed spot where the horses would 


have been vulnerable to enemy fire. 


T Chickamauga are now emplaced 

two of the four mountain howitzers 
which comprised part of the armament 
of Capt. Eli Lilly’s 18th Indiana Bat- 
tery. Officers who observed their fire in 
that battle were convinced of their ef- 
fectiveness at short Models of 
1837 or 1841, those short-barreled pieces 


range. 


had been employed in the Mexican and 
Indian wars. Light (the tube weighed 
only 220 pounds and the carriage 180), 
they could be drawn on wheels or dis- 
assembled and packed on mules or 
horses. 

Muleback transportation sometimes 
gave trouble as in the case of a moun- 
tain battery with Jackson at Port Re- 
public. The long-eared carriers rolled on 
the ground to rid themselves of their 
loads, and gunners were more occupied 
with controlling them than delivering 
fire on the enemy. Derisive infantry- 
men asked whether the guns were to 
fire the mules or the mules the guns! 

Lilly’s wheeled howitzers were not 
in action during the mountain fighting 
around Chattanooga. Disuse of those 
on hand, under conditions for which 
they were developed (along with failure 
to provide more), is as strange as the 


neglect of machine guns. Though their 


The famous Battery D, 2nd U. S. Artillery, in action at Fredericksburg, 1863. 





range at 5 degrees of elevation was only 
goo yards, their transportability was a 
matter of first import. There were 
points on Lookout 
Ridge where they could have served 


and Missionary 


most efficiently and where they could 
have been put in positions defying 
placement of heavier pieces, just as 
Grant and his men had heaved one up 
into a Mexico City belfry. 

Canister blasts from a battery of 
mountain “hows,” had they been in- 
cluded in escorts of the Union wagon 
trains, could have handily beaten off 
some of the damaging raids of 
Joe Wheeler’s Gray cavalry. 

But though mountain how- 
itzers were lacking on the 
heights, there were artillerymen 
like that crack gunner officer, 

Col. E. Porter Alexander, C.S.A., who 
ingeniously handled the cannon they 
had. Alexander, who had come west 
with Longstreet, stationed his battalion 
on Lookout and fought daily with a 
“vicious little battery on Moccasin Point, 
almost directly under us. This battery 
had nearly buried itself in the ground 
under high parapets, and fired up at us 
like a man shooting at a squirrel in a 
tree. We propped our trails high up in 
the air to depress the muzzles, and 
tried to smash our opponents into the 
earth with solid shot and percussion 
shell; but we never hurt them much, 
and when we left the mountain, they 
were still as lively as ever” (Alexander, 


“Memoirs of a Confederate,” p. 746). 


LSO at Chattanooga and again at 
Knoxville, Alexander rigged four 
howitzers as mortars to drop shells be- 
hind parapets and search out spaces 
sheltered from direct fire. “To accom- 
plish this, skids were prepared inclined 
at an angle of forty-five degrees, one 
end resting on the ground and the other 
on a horizontal pole supported about 
six feet from the ground on forked 
posts. The axle of the howitzer was run 
up on these skids, raising the wheels in 
the air on each side of the skids, and 
leaving the trail on the ground between 
them, until the pieces had an elevation 
of about sixty degrees.” 
With the range regulated by the 
amount of powder used (changes had 


to be diminished at high elevations), 
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the system worked nicely and gave very 
fair mortar practice, the colonel de- 
clared. 

Seen through a poet’s eyes, the guns 
took on attributes their crews sensed 
though few could express them. War 
Correspondent Taylor, scanning the ar- 
ray of ordnance at Chattanooga, wrote: 


“There are Parrotts with their long, 
black shafts, reenforced at the breech, 
like a trooper’s trousers. There are bright 
Napoleons brisk and spiteful. ... Here is a 
sturdy fellow that growled at Stone River; 
there a grim one that roared at Shiloh; 
a Columbiad 
Memphis. Do you see those pairs 
of immense wheels? They are not 
only the car- 


yonder, made at 


mill-wheels, but 
riages of siege guns.” 


Here and there on the battle- 
fields, companioning the guns, rise little 
black pyramids of the round shot that 
fed them. They mark the headquarters 
of generals or spots where they were 
killed or mortally wounded. Greater 
tokens of artillery’s might are the shells 
and their fuzes—percussion and time, 
the latter cut to explode the projectile 
in flight at a desired moment. 

Look at the shell Henry Shrapnel of 
the Royal Artillery devised as early as 
1784 and you can imagine the death 
and destruction its cone of scattering 
balls spewed forth when it burst over a 
target. Through the Civil War it was 
called spherical case; later it bore its 
inventor’s name. 

Deadly, too, was the fragmentation 
of other types of shells, and deadliest of 
all at close range were the shotgunlike 
blasts of canister balls. 

“A battery seen is a battery lost,” 
ran a maxim of the First World War. 
Enemy observers, directing the fire of 
cannon with improved range, preci- 
sion, and mechanism, could by instant 
communications from their posts launch 
a salvo of shells at a fleeting target and 
smash it. 

In the Civil War, batteries seldom 
went unseen, although they took con- 
cealment when they could in the edge 
of woods or behind crests. Sometimes 


they were dug in, protected by para- 


pets. Far more often they fought in the 


open, firing over the heads of their in- 
fantry or frequently in line with them 


or ahead of them. 


Indirect fire, that is fire on a target 
unseen from the gun, with sights laid 
on an aiming stake and angles calcu- 
lated therefrom, was little used in the 
1860's. 

Crews manned cannon lacking the 
gun shields and aprons of latter days. 
Every man was exposed, especially the 
swabbers and loaders who had to run 
to muzzles and turn their backs on the 
attacking enemy. Artillery’s only de- 
fenses were such supporting infantry as 
it might have and its own mobility. 
Batteries could call up the limbers and 
shift position or retreat, providing that 
all the horses were not shot down in 


the maneuver. 


VEN with most of a 6-horse team 

dead or crippled and cut out of the 
traces, there is record of two or even 
one of the surviving animals gallantly 
managing to pull the gun to safety. 
With all horses gone, cannoneers time 
and again dragged the pieces back by 
prolonge ropes, halting to slam a round 
into pressing pursuit, then hauling the 
guns back again as they recoiled. 

Overrun by an assault before they 
could escape, valiant artillerymen 
fought it out in the battery position. 
Officers and sergeants might swing 
sabers. Those lucky enough to have re- 
volvers blazed away. Cannoneers jabbed 
and flailed with the only weapons they 
usually had—rammer staffs and trail 
handspikes. 

Stone’s River, Chickamauga, Look- 
out Mountain, and Missionary Ridge— 
like many another battle of the war— 
all saw desperate stands by Blue or 
Gray artillery around cherished pieces 
they would count it a disgrace to lose. 
Not until Korea would as much close 
combat be waged among the guns. 


N truth mighty feats of arms are re- 

called by the cannon in the Chicka- 
mauga-Chattanooga National Military 
Park and by the bronze bas-reliefs of 
artillery in action on their battery 
monuments. They stand silent but no 
less eloquent, whether they mount their 
perpetual guard in the Georgia woods 
or in the small reservations on Tennes- 
see heights. 

It was a proud thing to have manned 


the guns. 
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Defense Highlights: 


Monthly Review and Outlook 











e Asroc Becomes Operational.—Asroc, the Navy's latest 
antisubmarine warfare weapon pictured on the front cover 
of this issue, is a long jump ahead compared with its prede- 
cessor—Weapon Alfa, a rocket-launched depth charge. Asroc 
is rocket-propelled from a surface ship launcher, arches into 
the air, drops its rocket motor, then opens a casing to release 
a parachute and lower a torpedo or a depth charge. It has 
been declared operational. 

In recent tests Asroc’s payload was a Mk. 44 homing tor- 
pedo, and it scored hits on the target submarine U.S. 
SKATE at 2,500 and 4,000 yards’ range. The maximum range 
is believed to be six to eight miles. 

The complete weapon system consists of a new sonar, a 
digital fire-control computer, an 8-tube launcher, and the 
missiles. It is being installed now in the destroyer leader 
Norrotk (DL-1) and is scheduled to go in about ten more 
DL’s, a few cruisers, and many of the destroyers undergoing 
modernization. 

Known specifications are: length, 15 feet; diameter, 2% 
feet over all; weight, about 1,000 pounds; developed by 
Naval Ordnance Test Station; prime contractor, Minneapo- 
lis- Honeywell Regulator Company. 

Although other advanced ASW weapons such as Subroc, 
Astor, and Aster are under development, Asroc has many 
years of usefulness since its range can be increased and its 
payload made more potent as new torpedoes are developed. 


e Problems Plague ICBM Launching Sites.—Interconti- 
nental ballistic missile launching site construction has proved 
to be more complex than foreseen. Difficulties had been 
brewing for several months before they burst into public view 
with the announcement that the first Atlas bases would be 
delayed about five months—yet the Atlas missile itself is 
operational and rolling off the production line. The Air 
Force has had the problem under study since mid-1959. It 
has now reorganized management for base construction— 
with an assist from the Army. 

Basic causes for the delay are evident in the cures that 
have been ordered. The Army’s Corps of Engineers, respon- 
sible for the basic construction, have established the Ballistic 
Missile Construction Office in Los Angeles under Brig. Gen. 
A. C. 
smaller Los Angeles Engineer Field Office. His main office 


Welling to assume tasks formerly directed by the 


will have a greatly increased staff to work closely with the 
Air Force and to direct the efforts of about sixty Corps of 
Engineer officers at the sites. 

The Air Force has shifted responsibility for site activation 
from the Air Research and Development Command to the 
Air Matériel Command and appointed Maj. Gen. T. P. 
Gerrity as chief of the Ballistic Missile Center, Inglewood, 
Calif., which is being expanded. 
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General Gerrity immediately assigned a site commander 
to each of the twelve bases for which he is responsible. 
These officers are authorized to cut across Air Force com- 
mand lines to ensure that construction, installation, and 
check-out of all ground equipment are not delayed. 

The sites for which construction commanders have been 
assigned by BMC, some for Atlas, some for Titan missiles 
(all well publicized) are located at the following Air Force 
Bases: Fairchild, Wash.; Walker, N. Mex.; Forbes, Kans.; 
Schilling, Kans.; Altus, Okla.; Dyess, Tex.; Plattsburgh, 
N. Y.; Larson, Wash.; Beale, Calif.; Ellsworth, S. Dak.; 
Mountain Home, Idaho; and Lowry, Colo. 

ARDC, through its Ballistic Missile Division, will remain 
responsible for activating the first three sites on the schedule 
at Vandenberg AFB, Calif., Warren AFB, Wyo., and Offutt 
AFB, Nebr. It will also remain responsible for all site selec- 
tions, installation design, and technical engineering, working 
closely with Army Engineers to ensure that construction ma- 
terials and tolerances are compatible with the missile system 
and that a site is operational before it is turned over to the 
Strategic Air Command. 

Besides hazy command relations, difficulties were increased 
by unsatisfactory contracting methods, frequent change or- 
ders to match progress of the state of the art, and—in 
Omaha—two months of freezing weather. Man-hours also 
were lost by jurisdictional strikes on the scene and a nation- 
wide strike at Convair, the principal missile contractor. 

One difficulty that has not been removed is the divergence 
in appropriation and contract procedures for missiles and for 
launching sites. Missiles are glamourous weapons with almost 
lump-sum funding and negotiated contracts with capable 
corporations. Launching sites and base construction are con- 
crete and steel, and the Budget Bureau and Congress must 
examine every yard of concrete—a time-wasting process. 

The lowest bidder gets the job—even if he is merely a 
construction “broker” who parcels it out to a babel of sub- 
contractors and may not have the supervisory talent to co- 
ordinate the work. The prime contractor for developing and 
installing the launchers and intricate check-out equipment 
gets the blame for delays. 


e Polaris Zooms Ahead.—With Polaris meeting all ex- 
pectations and well ahead of earlier schedules the Navy is 
pressing to go all out for a second generation of its fleet 
ballistic missile. It is now seeking funds for development of 
type Az to have a 2,500-mile range that will triple the ocean 
area from which the Polaris can be launched effectively to 
about 9 million square miles. The present At type is rated at 
1,200 miles, and by 1962 the A2 Polaris will be ready with a 
range of 1,500 miles. 

Advanced types of Polaris will be scheduled into the sub- 
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marine building program so that complete weapons systems 
will not be delayed. Presently there are 14 Polaris-launching 
submarines either in commission (2), building (7), or 
scheduled for construction (5), including 3 already awarded 
to private yards under the 1961 appropriation bill. 


e Nonpolitical Missile——Admiral Raborn—when asked if 
his recent successful Polaris shots were aimed at the Com- 
munists or the Democrats—replied, “The schedule of events 
was made two years ago. At that time, as today, the Navy 
loved both Democrats and Republicans!” 


e Weapons of the Future.—Beyond the field of the de- 
velopment of weapons lies a fantastic area of dreaming up 
weapons of the future. These are the sort of weapons and 
fighting equipment we would like to have ten or fifteen years 
from now and for which we have not yet attained the 
necessary scientific and engineering knowledge. 

For example, we seek a nuclear or other direct-energy 
device to propel our space vehicles for reconnaissance after 
they are launched into orbit. Presently such a device re- 
quires more effective heat- and pressure-resistant materials. 

We need a means to stop missiles or at least inactivate 
their warheads without endangering populated areas. This 
problem awaits unforeseeable advances, probably in con- 
trolled high-frequency beams or in unbelievably high speed 
antimissiles. 

The Marines want a large troop-carrying vehicle that can 
make high speed on land or sea and revolutionize amphibi- 
ous warfare. For this the necessary lightweight engines and 
the appropriate hull structures are not in sight. 

An existing example of scientific and engineering magic 
is the project for a helicopter that, once aloft, can be kept up 
there by power received from the ground by electronic de- 
vices. This program, on which Raytheon has spent a great 
deal of its own funds, is now receiving support from the 
Defense Department. 

Some of these goals may seem impossible, yet all but a 
few laughed at the early rocket experiments of Dr. Robert 
H. Goddard. However, the rocket principles he developed 
are the basis for present capabilities. Now fifteen years after 
his death the Guggenheim Foundation that supported his 
efforts has been awarded $1 million by the Government as 
a lump-sum settlement for about two hundred patent in- 
fringements. All three services and the National Aeronautics 
and Space Administration paid a share of the settlement. 


e Item.—There is no limit to what can be accomplished 


if it doesn’t matter who gets the credit.—Anon. 


e Satellite Screen Planned.—The Army Ordnance Ballistic 
Research Laboratories at Aberdeen Proving Ground are re- 
ported to have the high spot in considerations for a satellite- 
detection screen in the United States. They are especially 
qualified in detecting “dark” or nontransmitting satellites 
with their Doploc system. 

The present single test facility with a radar transmitter at 
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Fort Sill, Okla., and “detector” at Forest City, Ark., first 
located and identified the “mystery satellite” that proved to 
be part of our Discoverer V. The key to the system is the 
complex of high-speed computers at BRL to analyze the 
data transmitted from Forest City. 


e To the Polls, Men!—One vote—yours—might be de- 
cisive. We aren't advising who you should vote for in the 
coming national election—just vote. One vote saved the draft 
before Pearl Harbor! 

Sixty-two million Americans voted in the 1956 presidential 
election. Looks good? There were 40,000,000 unused bal- 
lots—only 60.2 per cent of our elegible citizens voted! Six- 
teen other non-Communist countries do better including: 
Austria, 95 per cent; Greece, 85 per cent; Japan, 73 per cent; 
and Canada, 67 per cent. 

“All that is necessary for the forces of evil to win in the 
world is for good men to do nothing,” as Edmund Burke 


said. 


e Atomic Test Ban Should Be Banned.—Our self-im- 
posed ban on testing nuclear weapons is viewed with in- 
creasing alarm by many officials of the Atomic Energy 
Commission and the Defense Department. Scientists in our 
laboratories are understood to have devised many weapon 
improvements, such as warhead clusters for ICBM’s, that 
await testing to confirm their efficacy. Two years have 
passed since our last tests while frustrating wrangles con- 
tinue in Geneva in deference to questionable psychological 
advantages in international dealings while our atomic 
weapons become outmoded. 

Many of these officials are reported to believe that our 
national security demands resumption of tests, which could 
be scaled and carried out underground, for improved war- 
heads, antimissile weapons, and low-yield tactical weapons. 

On another front AEC has released the yield and altitude 
figures for 98 tests (keeping 70 secret), from the Bravo shot 
of 15 megatons, equivalent to 15 million tons of TNT, down 
to a 0.15-ton shot on October 30, 1958. The Commission has 
requested seismologists to correlate these explosions with 
their graphic records in order to expand the data on the pos- 
sibility of spotting underground atomic tests. 


e Missile Responsibilities Realigned.—Maj. Gen. August 
Schomburg, commanding general, Army Ordnance Missile 
Command, has reoriented the responsibilities of his subordi- 
nate agencies. The Army Ballistic Missile Agency has taken 
over from the Army Rocket and Guided Missile Agency all 
research, development, and industrial relations in connection 
with Honest John, Little John, Corporal, Sergeant, the light 
antitank weapon (LAW), and Missile A and B weapons 
systems and the necessary personnel. 

ABMA will continue in charge of the Redstone, Jupiter, 
and Pershing missile programs, thus giving it all the Army 
missiles with fixed trajectories. ARGMA is left with the mis- 
siles that can be redirected in flight which include Lacrosse, 
Shillelagh, and all the surface-to-air missiles—Hawk, Mauler, 
Nike Zeus, Nike Hercules, Nike Ajax, and Redeye. 
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The Times Demand All-Out Preparedness 


An Editorial 


HE Executive branch of the Government, primarily 

the President and the Department of Defense, has 

made a strong effort to explain to all American citi- 
zens the extent of the military strength of the United States. 
The explanations have been in unusual detail to prove that 
we possess flexible and powerful retaliatory forces. 

These revelations were outlined in the article entitled 
“Our Defense Posture” in the July-August issue of Orp- 
NANCE based on statements and talks of Defense officials. 
However, the figures given were almost entirely related to 
the strength of our deterrent forces—our ability to retaliate 
with devastating effect. They touched lightly on our means 
to conduct a war of limited objectives; that is, any conflict 
less than a world war with big nuclear weapons. 

Americans can accept the adequacy of our retaliatory 
forces under present conditions, and as the Soviets have 
made no overt moves with their own forces outside the Iron 
Curtain we assume that they are deterred by the evidence 
of destructive power in the hands of the United States and 
its allies. 

Most of the criticism of our retaliatory forces has come 
from men who have not had all the facts or who were plead- 
ing a special interest. However, in the area of wars of 
limited objectives, where Defense officials have not been spe- 
cific, the criticisms have had more validity and there is 
more widespread concern over limited war because of the 
feeling that the major powers have reached a nuclear war 
stalemate. 

These critics have observed that there have been since 
World War II some fifteen to seventeen small wars of vary- 
ing proportions—wars that our deterrent forces did not deter. 
The limited-war tactic of the Communists has been to prod 
and then retire or to push harder, depending upon the reac- 
tion, never pressing to the extent of exciting retaliation, ex- 
cept perhaps in Korea. Such a war can erupt with little 
warning. 

Although there is great hue and cry over lack of a national 
policy and of cooperation between the Departments of De- 
fense and State, we do have a national policy on combating 
local wars. This policy stems from our agreements with 
about forty countries to come to their aid if they are attacked 
or threatened from outside their territory. 

To confirm this policy we point to the units of our armed 
forces scattered throughout the world and their support in 
our own country. Our objective is to prevent limited aggres- 
sion from growing into a large war by prompt military 
reaction. 

In spite of this policy and our international agreements, 
there are strong influences in the Government that have 
forced the spending for retaliatory weapons to the detriment 
of our armaments for limited war—some authorities going 


so far as to propound that the existence of our retaliatory 


forces should also deter small wars. 


Any examination of the question of our capability to 
fight limited wars is restricted by classified matters such 
as exact tables of equipment and the localities where military 
staffs foresee trouble. However, plentiful material for a 
critique is furnished in the information broadcast to all the 
world and in the previous actions in which we have been 
engaged. 

It is in our past local actions that we seem to have failed 
to learn our lessons. Korea is a tragic case in point. It was 
evident from our experience in Korea that we needed well 
balanced, extremely mobile forces to offset possible conflict. 
If we had had the ability at that time to rush in two divi 
sions and strong air and naval forces, that conflict probably 
could have been stopped early and without the great losses 
that we suffered. 

Since that war, the need has been expressed by our highest 
authorities for trained mobile forces ready to intervene im 
mediately to avert or counter any local conflict. Yet this 
requirement has not been met for an action equal in extent 
to our Korean embroilment. We may have the trained man 
power but not the airlift. If larger masses of troops than in 
Korea were thrown suddenly against one of our small allies, 
the initial operations again could be disastrous fox us. 

Our authorities point with great pride to our reaction to 
the crisis in Lebanon. Fortunately, this was a minor affair. 
Three battalions of Marines were in the area, and the Sixth 
Fleet aircraft carriers rushed to the scene to give air support 
and were joined by other ships for logistic support. To back 
up the Marines, C-124 transports were flown from conti 
nental United States to Germany to pick up 1,700 airborne 
troops of our 24th Division, and aircraft of the Tactical Air 
Command flew to Adana, Turkey, from United States bases. 

It was all effective for the occasion, but watchful reporters 
noted that our airlift was strained to the limits and that the 
backup forces did not arrive as promptly as desirable. Fur- 
thermore, we reduced our forces in Germany and appeared 
to be short of sufficient airlift to replace them from the 
United States in a hurry. 


IMITED-war capability—the need to counter a geograph- 

ically restricted move—is conceived initially to involve a 
ground action, possibly with air support, and perhaps sub 
marine and sea-mine warfare. We should examine the forces 
available in the face of an action of the scale of Korea and 
the possibility of several concurrent actions in separated 
areas, remembering that in many places we cannot expect 
much help from our local allies. 

Our land force of fourteen Army and three Marine divi- 
sions seems woefully small compared with the number of 
fully equipped Communist divisions and in the face of our 
widespread commitments. We do have almost equal man 
power if our allies are included, but there is not the homo 
geneity of command or of weapons. Our allies, leaning hea 





ily on the military power the United States evinced in World 
War II, may be leaning on a weak reed when we consider 
our Army equipment. 

The Army has been bravely announcing that its eight 
divisions overseas and three in the Strategic Army Corps 
are well-trained and equipped and ready to help defend our 
allies overseas or rush to a “brush-fire” outbreak. It is quiet 
about the other three divisions that are usually in a state of 
flux and overburdened with basic training of new men. 

Generals Ridgway, Gavin, and Taylor, unable to obtain 
support for adequate Army strength, retired early, in dis- 
gust. But at last our legislators have been aroused, They 
have brought out the fact that many weapons which have 
passed the development stage are not being produced in 
necessary quantities. For example, M14 rifles, M60 medium 
tanks, M113 armored personnel carriers, self-propelled artil- 
lery, modern helicopters, Hawk, Redeye, and Davy Crock- 
ett missiles, 

These weapons are to replace World War II designs ex- 
cept in helicopters and missiles—and the Congress has pub- 
lished evidence that in all categories Soviet divisions are al- 
ready rearmed with modern weapons more effective than 
ours. 


ik looking back over the manpower record we see that 
f 


our years ago Army personnel numbered 1.1 million. 
In 1958 it was cut to 900,000 and from 18 to 15 divisions. 
Now it is at 870,000 and 14 divisions. The excuse was that 
our economy couldn’t afford both manpower and missiles; 
besjdes it wouldn’t really weaken our defense because of the 
tremendous increase in firepower and mobility. 

Congress at last has shown considerable skepticism to this 
theory since so little of the means to give us increased fire- 
power has been put into production. This finding led our 
legislators to add $116 million for the Army’s weapon 
budget. 

In their examinations of military mobility the most damn- 
ing indifference was exposed by Congress, particularly by 
the Special House Subcommittee on Airlift under Hon. L. 
Mendel Rivers. In the hearings, a top Defense Department 
witness claimed, as others have for over seven years, that “air- 
lift is marginally capable of meeting wartime requirements 
under present plans.” This included the Civil Reserve Air 
Fleet, a truly marginal adjunct, to say the least, in that it is 
embroiled in contractual arrangements. 

The hearings made it evident that in both numbers and 
quality military airlift was inadequate and that in a limited 
war it would take at least ten days to fly in only one air- 
borne division, lightly equipped—provided no other service 
had similar requirements. 

In any war it appears that if the Strategic and Tactical 
Air Commands were involved they would need almost all 
MATS resources. Since airlift is a vital part of this country’s 
limited-war capability it is disturbing to see the gross neglect 
it always has suffered while all the Defense Establishment 
except the Army has covered up behind the statement, “it 
meets the criteria established by the Joint Chiefs of Staff.” 

So this year’s Defense Department budget originally car- 


ried $50 million to start a prototype cargo plane development 
while our meager supply of limited-range MATS aircraft 
were obsolescing rapidly. To relieve this situation, Congress 
has appropriated an additional $200 million. 

Our naval forces are dwindling numerically to a danger- 
ous point. New carriers, destroyers, and submarines are in- 
dividually more effective fighting units than their World 
War II predecessors, but as the Navy has dropped from 
1,030 active ships in 1955 to 817 this year it faces the same 
problem as the Army in meeting worldwide commitments 
with fewer and fewer numbers. 

Further reduction of the Navy, as pointed out by its Chief, 
will mean that we could not give adequate naval support 
to limited war in two oceans for plain lack of numerical 
strength—a lack of ships that cannot be built on short 
notice. 

In an over-all commentary on the steady reductions in 
the quantity of both manpower and fighting equipment 
in all three services, it must be discouraging to the military 
planners, faced each year with these reductions supposedly 
“to keep within the budget,” to observe the Nation’s con- 
tinued growth in all other areas. While our population has 
increased by 28 million and gross national product has ex- 
panded by billions of dollars, our military manpower has 
been decreased over one million and the defense budget in- 
creased very little. It appears arithmetically that our defenses 
are becoming relatively weaker! 

One explanation of the foregoing inconsistency is that 
there is great waste in defense spending. In fact the Con- 
gress has flailed out blindly at the Defense Department by 
cutting all procurement appropriations three per cent to en- 
force an improvement in contractual practices. In the mean- 
time the do-gooders insist on placing defense work in eco- 
nomically depressed, less proficient areas. 

Many theoretical economists—and some officials in high 
places—would eliminate all arsenals, ordnance plants, and 
personnel service activities. They overlook the need to main- 
tain such functions in peacetime as they must be ready in- 
stantly if war breaks out. There are areas of excessive ex- 
penditures in pushing projects of questionable value beyond 
the development stage (over $1.6 billion has been spent on 
missile projects that later were canceled). 

There also must be wasted dollars in a personnel system 
that allows Pentagon numbers to grow and grow while the 
military forces are cut. Fewer Indians and more chiefs 
doesn’t make sense! 


) hecines money can be spent more wisely in many 

areas. It is definitely possible—if politicians, “empire 
builders,” and special-interest groups would cooperate—to 
get more defense for the dollar. However, as several of the 
country’s more level-headed economists point out, the United 
States can afford whatever is necessary for defense. 

Our history shows that a strong and factual appeal by our 
leaders will bring willing cooperation from our citizens to 
give us a complete defense. We need a combat potential of 
such a nature that it will make limited war as unprofitable 
to an enemy as we believe we have made all-out war. 





Pershing Moves Up and Away 


The Pershing selective combat range artillery missile, shown blasting off above, is a 2-stage, solid-propellant Army weapon with 
inertial jamproof guidance. The missile is shown below mounted on a 4-wheeled transporter-erector-launcher (TEL) which is 
carried by the new lightweight XM474 tracked vehicle. These, with auxiliary equipment, comprise a mobile weapon system. 
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ASSOCIATION AFFAIRS 


Members Of Artillery Division Hear 
Arsenal Presentations At Frankford 


An early summer meeting of the Arrtil- 
lery Division was held on June 17th at 
Frankford Arsenal, Philadelphia, Pa., and 
was opened by a welcoming address by the 
arsenal’s commanding officer, Col. A. R. 
Cyr. 

J. E. Trainer, Firestone Tire & Rubber 
Company, Akron, Ohio, Division chair- 
man, introduced Maj. Gen. W. K. Ghorm- 
ley, commanding general, Ordnance Spe- 
cial Weapons-Ammunition Command, Pi- 
catinny Arsenal, Dover, N. J. Brig. Gen. 
O. E. Hurlbut, commanding general, Ord- 
nance Weapons Command, Rock Island, 
lll., then presented three classified films 
showing firing tests and demonstrations 
of the spigot-type rifle, the 
Moritzer, and the Vigilante. He also dis- 
development re- 


(QDRI) 


recoilless 
cussed the qualitative 
quirements information pro- 
gram. 

R. E. Meyer, Ordnance Weapons Com- 
mand, also of Rock Island, presented a 
summary of the supporting research being 
conducted for artillery improvement. He 
showed slides describing new concepts to 
offset gun recoil, improve base stability, 
and provide auxiliary propulsion, and also 
presented technical problems which had 
been instituted at the last annual meeting. 


A presentation for Frankford Arsenal 
was introduced by Col. R. E. LeRoy, after 
which Karl Hoepfner, also of Frankford, 
described the fire-control development for 
the Vigilante. He explained how the op- 
erator functions and how he utilizes fire- 
control information. 

G. Schecter of Frankford gave a review 
of two decades of progress in recoilless 
rifles in terms of terminal performance, 
weight, and probability of hit. He also 
discussed in detail the technical features 
of spigot-type recoilless rifles and the re- 
quirement for repeating recoilless rifles. 

J. Pierce discussed the QDRI program 
as implemented by Frankford and showed 
charts outlining the scope and scheduling 
of this program. 

Following the 
luncheon meeting was held at which Mr. 
Trainer was presented the first A.O.A. 
Bronze Medallion for outstanding service 


morning sessions, a 


to the national defense. 

During the afternoon, Col. W. M. Tis- 
dale, commanding officer, Watervliet Ar- 
senal, Watervliet, N. Y., described the 
new 105-mm. gun, M68, for the M60 
tank and explained the new production 
for fabricating this weapon. 
Muzicka of Watervliet dis- 


technique 


Later, A. 


Members of the Artillery Division of the Association attending the meeting at 
Frankford Arsenal, Pa. J, E. Trainer, retiring chairman, is in front row, center. 
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cussed the arsenal’s cannon development 
and showed details of the new lightweight 
tube and breech designs and the applica- 
tion of these concepts to several current 
development programs. 

Another interesting feature of the af- 
ternoon program was a presentation by 
J. H. Penrose, of Watervliet Arsenal, 
who discussed the use of highly enlarged 
sections to explain the problems of finish- 
ing the forcing cone in guns to improve 
chromium-plate adherence and of machin- 
ing buttress-type threads in breech com- 
ponents. 

Following the regular session, an Ex- 
ecutive Board meeting was held attended 
by Mr. Trainer, Col. Tisdale, Dr. J. L. 
Miller, S. B. Steiner, Dr. V. E. Lucas, 
all of Henry Handler, Of- 
fice, Chief, Army Ordnance, Washington, 
D. C.; Everett Baugh, Cadillac Motor 
Car Division, GMC, Cleveland Ordnance 
Plant, Cleveland, Ohio, general chairman, 
A.O.A. national technical Divisions and 
Sections; Col. Henry C. Thayer, A.O.A. 
staff director for public information, 
Washington, D. C.; A. R. Metzger, Beth- 
lehem Steel Company, Bethlehem, Pa.; 
R. I. Martin, United Shoe Machinery 
Corporation, Beverly, Mass.; Col. R. R 
Studler, of Firestone; and Mr. 
Schecter. 

This was the last meeting under Mr. 
Trainer’s chairmanship, and Joseph L. 
Auer, R. Hoe & Company, New York, 
N. Y., will now assume the office. 


Firestone ; 


also 


Steering Committee Of 
Engineering Documentation 
Section Meets in Washington 


The Steering Committee of the En- 
gineering Documentation Section, Pro- 
duction Techniques Division, met recently 
at the Army-Navy Club, Washington, 
D. C. The following members of the com- 
mittee attended: W. W. Thomas, Ra- 
dio Corporation of America, Moorestown, 
N. J., chairman; Philip Weissbrod, Gen- 
eral Electric Company, Pittsfield, Mass.., 
deputy chairman; Miles German, General 
Electric Company, Syracuse, N. Y.; Clin- 
ton A. Taylor, New Departure Division, 
GMC, Bristol, Conn.; E. C. Ingles, Vitro 
Laboratories, Silver Spring, Md.: H. H. 
Karpicke, Cadillac Motor Car Division, 
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Association Affairs 


Post and Division Activities 





GMC, Cleveland Ordnance Plant, Cleve- 
land, Ohio; R. F. Franciose, General 
Electric Company, Schenectady, N. Y.; 
and John C. Duffy, General Precision, 
Inc., Pleasantville, N. Y. 

The following recommendations were 
made: Mr. Weissbrod was to forward 
copies of “The Mission of the American 
Ordnance Association” to all subsection 


chairmen as well as information regard- 
ing logic symbols to Mr. Thomas and 
Mr. Franciose. It was agreed that the 
spring meeting of the Section would be 
held March 15 and 16, 1961, at New Or- 
leans, La. 

The next meeting of the steering com- 
mittee will be held December 5 and 6, 
1960, at New York City. 





General Everest Addresses Meeting 
Of Volunteer Post At Nashville 


At the annual meeting of the Volunteer 
Post in Nashville, Tenn., on April 26th, 
Gen. Frank F. Everest, Commander, Tac- 
tical Air Command, was guest of honor 
and principal speaker. 

General Everest explained the mission 


who introduced his successor, Brig. Gen. 
H. A. Nisley, U.S.A. (Ret.), of the War- 
ren Paint and Color Company. 

Others at the head table were: Col. 
Albert V. Endress, 839th 
Air Division, Sewart Air Force Base; 


commander, 


Attending Volunteer Post meeting are, left to right: Col. A. V. Endress, com- 
mander, 839th Air Division; Brig. Gen. H. A. Nisley, new president of the Post; 
Brig. Gen. Frank T. McCoy, U.S.A.F.; Hon. Ben West, Mayor of Nashville, Tenn. ; 
Gen. Frank F. Everest, Commander, Tactical Air Command, the guest of honor and 
principal speaker; and F. Donald Hart, retiring president of the Volunteer Post. 


and tasks of his command requiring in- 
stant readiness to support the Army’s 
Ground Forces with airborne firepower 
and tactical troop lift. He also discussed 
the capabilities of TAC as an addition to 
the Nation’s strategic retaliatory power. 
The general also praised the members of 
the American Ordnance Association for 
their devotion to the development and 
production of armament for national de- 
fense. 

The presiding officer was retiring Post 
President F. Donald Hart of Temco, Inc., 


Brig. Gen. Frank T. McCoy, U.S.A.F.; 
Hon. 
ville; Maj. Gen. Troup Miller, comman- 
der, Arnold Engineering Development 
Center, Tullahoma, Tenn.; Maj. Gen. W. 
C. Westmoreland, commander, 101st Air- 
borne Division, Fort Campbell, Ky.; Maj 
Gen. Howard Butler, Chief of Staff, Ten- 
nessee Air National Guard; Neil Cargile, 


Ben West, mayor, city of Nash- 


national Council representative, Volunteer 
Post; and Col. William Davis, command- 
ing officer of the Birmingham Ordnance 
District. 





Executive Board, Artillery Ammunition 
Division, Meets At Iowa Ordnance Plant 


Iowa Ordnance Plant, Burlington, Iowa, 
was the scene of the June 2nd meeting of 
the Bomb, Warhead and Artillery Am- 
munition Division’s Executive Board. 

Board members present were R. L. 
Telford, Mason & Hanger-Silas Mason 
Company, New York, N. Y., chairman; 
James N. Pearre, also of that company; 
James E. Burke, Stewart-Warner Corpo- 
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ration, Chicago, Ill.; Dr. Herbert Ellern, 
Universal Match Corporation, Ferguson, 
Mo.; Brig. Gen. Joel G. Holmes, U.S.A. 
(Ret.), Mason & Hanger-Silas Mason 
Company; and Harvey C. Simms, Zero 
Manufacturing Company, Silver Spring, 
Md. 

The problem of developing a more ef- 
fective fragmentation warhead was dis- 


cussed, as well as the problem of develop- 


ing a low-cost method of producing 
high-quality continuous rod-type missile 
minimum number of 


warheads with a 


possible variables in manufacturing. It 
was felt that the method should eliminate 
as many of the presently used individual 
pafts and joints as possible by incorporat- 
ing new rod-forming and manufacturing 
also centered on 


techniques. Discussion 


developing a series of explosive delay 
trains to provide a variety of time delays 
from 0.l-second to 20 


accuracy of plus or minus 5 per cent 


seconds with an 

General Holmes, chairman of the Load- 
ing Section, gave a report on the meeting 
of this Section at the Naval Ammunition 
Depot, Crane, Ind., in April and spoke of 
how the Navy had cooperated with the 
Section to set up the meeting. The gen 
eral also cited the Fuze Section for ren- 
dering service during the Korean conflict 

Dr. Ellern, chairman of the Military 
Pyrotechnics Section, reported on his Sec 
tion meeting held at Aberdeen Proving 
Md., last fall, and 
Simms reported on the Container Sec- 


Ground, Chairman 
tion’s progress. 

Mr. Telford also suggested the form 
ing of an ad hoc committee from the Di- 
vision, made up of members of various 
Sections for the purpose of assisting the 
Navy in its ammunition problems 

The chairman of the board then brought 
up the subject of rotation of chairmen of 
Divisions and Sections and asked each 
chairman to make a recommendation for 


his successor before the end of the year 


A.O.A. Posthumously Honors 
Col. Lawrence J. Meyns 


With Special Citation 


A posthumous citation for outstanding 
service was presented recently by the 
American Ordnance Association to Mrs 
Victoria Meyns, widow of the late Col 
Lawrence J. Meyns. Colonel Meyns was 
cited for his part in establishing the train- 
ing course in business administration for 
officers of the Army Ordnance Corps at 
Babson Institute, Babson Park, Mass. 

Colonel Meyns, a native of Richmond, 
Va., served as an officer of the Ordnance 
Department of the Army from 1917 to 
1947, At the time of his retirement, he 
was chief of the Boston Ordnance Pro- 
curement District. That year, he joined 
the faculty of Babson Institute of Business 
Administration, 

Colonel Meyns was instrumental in es- 


tablishing the | 


r 


S. Ordnance training 
program for career Ordnance officers at 
3abson which began in 1954. This pro- 
gram is an intensive 18-month course of 
study in business administration and in 
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dustrial management presented to a care- 
fully selected group of eight to ten Ord- 
nance officers, usually holding the rank 
of captain or major. 

The course is geared to the fields of 
management, accounting, control, procure- 
ment, and production. Other business-ad- 
ministration courses such as basic cost ac- 
counting, business and corporation law, 
and economics and managerial control, are 
included, Colonel Meyns was chairman of 
the division of production and manage- 
Janu- 


ment at Babson until his death in 
ary 1960. 

He was graduated from the Virginia 
Polytechnic Institute, did graduate work 
at Cornell M.I1.T., 
completed a course in business administra- 
tion at Harvard Business School. He en- 
tered the Army in 1917 and served with 
Colonel 


University and and 


until his retirement. 
Meyns was an active A.O.A. member and 


Yankee 


distinction 


was formerly president of the 
Post, Boston, Mass. 
The Ordnance 


Babson has been in effect for nearly seven 


training program at 
years, and the officer graduates are work- 
ing in highly responsible and sensitive mil- 
itary assignments throughout the world. 
The success of the program is due largely 
to the efforts of Colonel Meyns. 


J. E. Trainer Receives First 
A.O.A. Bronze Medallion 
For Outstanding Service 


J. E. Trainer, Firestone Tire & Rubber 
Company, Akron, Ohio, chairman of the 
\.0.A. Artillery Division, was the first 


J. E. Trainer, Artillery Division chairman, 
left, receives Bronze Medallion from 
A.O.A, Vice-President Henry N. Marsh. 


recipient of the Association’s Bronze 
Medallion, an award given for outstanding 
service to the national defense. Presen- 


tation was made on June 17th at a lunch- 
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eon at Frankford Arsenal, Philadelphia, 
Pa., by Col. Henry N. Marsh, former As- 
sistant Secretary of the Army for Logis- 
tics and now vice-president in charge of 
A.O.A., technical Divisions. 

Maj. Gen. E. P. Mechling, U.S.A.F. 
(Ret.), staff director for technical opera- 
tions, A.O.A., read the following citation 
which accompanied the medallion : 

“Ardent patriot, acknowledged produc- 
tion expert, and respected industrial 
leader, Mr. Trainer has devoted his skill, 
as well as the capabilities of the Ffrestone 
Tire & Rubber Company, to the security 
of the United States. He has for decades 
given his steadfast guidance, wise counsel, 
and broad vision to all the major activities 
of the American Ordnance Association for 
the advancement of adequate national de- 
fense in the fields of weapon technology, 
production, and logistics. 

“Mr. Trainer is a member of the Asso- 
ciation’s Advisory Board and served as a 
member of the Board of Directors from 
1948 to 1960. He organized the Artillery 
Division in 1945 and remained its chair- 
man for fifteen years. He becomes chair 
1960, 
vice-president and a director of the Asso- 
ciation’s Cleveland Post. This award be- 


man emeritus on July 1, and is 


speaks admiration and gratitude of all 
officers and members of the Association 
With it are conveyed their sincere wishes 
for his health, happiness, and continued 
success in the years to come.” 

Mr. Trainer joined Firestone in 1938 
and directed the company’s extensive de- 
fense activity in World War II and the 
Korean conflict and served on the War 
Production Board during 1945-1946. 


Combat Vehicle Division 
Presents Donation To Fort 


Benning Charitable Fund 


Another example of the A.O.A. role 
in promoting peace and understanding in 
a restless world is its charitable activity. 
Benevolence, Association members feel, is 
important in a Communist-infiltrated uni- 
verse where the word “charity” is seldom 
heard. 

Typical of this was the donation of 
$672.73, the proceeds of the Combat and 
Tactical Vehicle spring meet- 
ing at Fort Benning, Ga., to St. Michael’s 
Discretionary Fund of that base. 

Maj. Gen. Hugh P. Harris, U.S.A., 
commanding general of Fort Benning, re- 
cently wrote a letter to J. M. Heyne, 
Cleveland Ordnance Plant, General Mo- 
tors Corporation, Cleveland, Ohio, who 
was meeting cochairman, thanking Divi- 


Division's 


sion members. 


Citadel Post Members Go 
Aboard Submarine Tender 
At Charleston Naval Base 


Twenty-eight members of The Citadel 
Post were guests aboard the Howarp W 
Gi_mMorE, a submarine tender at the 
Charleston Naval Base. 

Upon boarding the ship the cadets split 
into small groups, each escorted by a 
crewman who showed and explained to 
the cadets the maze of shops, laboratories 
storage rooms, and gun batteries which 
made up the large vessel. The cadets were 
shown how a ship of this type services, 
repairs, and supplies the submarines and 
other units attached to its submarine 
squadron, 

The cadets ate dinner on the ship be- 
fore returning to the campus. Accompany- 
ing the group was Capt. R. E. Round, 
assistant professor of military science and 


tactics at The Citadel. 


Ad Hoc Committee On Value 
Engineering Becomes Special 
Committee After Panel Study 


The ad hoc committee on value engi- 
neering became a special committee on 
May 18th, following the completion of a 
study and of the 
such a committee by A.O.A. representa- 


discussion needs for 
tives and Navy consultants. 

W. M Philco Corporation, 
Philadelphia, Pa., chairman of this spe- 
cial committee, was in charge of the meet 
ing held at the Main Navy 
Washington, D. C., when the decision for 
the transition The chairman 
described the status of the new committee 
and said that nominations of new mem- 
bers had been received from the various 
A.O.A. Divisions. The committee will go 
into operation as soon as a full quota of 


Gourley, 


3uilding, 


was made. 


membership is received. 


Loading Section Members 
Hear Admiral Hirsch And 
Panelists At Annual Meeting 


The annual meeting of the Loading 
Section, Bomb, Warhead and Artillery 
Ammunition held at the 
U. S. Naval Ammunition Depot, Crane, 
Ind., in late spring with Brig. Gen. Joel 
G. Holmes, U.S.A. (Ret.), of Mason & 
Hanger-Silas Mason Company, Section 
chairman, presiding. 

General Holmes thanked Capt. Leonard 
J. Baird, commanding officer at NAD, 
and his staff for the fine arrangements 
made for the meeting. Captain Baird also 


Division, was 
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addressed the A.O.A. members 
“Meetings such as this are indicative of 
the cooperative spirit that exists between 
industry and the armed services. They 
help, through exchange of ideas, to im- 
prove our weapons and thereby the se- 
curity of our country.” 

Maj. Gen. William K. Ghormley, com- 
manding general, Special Weapons-Am- 
munition Command, Dover, N. J., was in- 
troduced next and praised the A.O.A 
technical meetings. He told members that 
in addition to providing the privilege and 
opportunity of discussing technical prob- 
lems, these occasions offer a chance of 
meeting people and exchanging ideas. 

Comdr. Bruce P. Piersall, assistant 
commanding officer for the ammunition 
program of the Bureau of Naval Weap- 
ons at NAD, added his welcome to that 
of Captain Baird. Col. Henry C. Thayer, 
director of public A.O.A. 
headquarters, then addressed the group, 
congratulating the section on being a part 
of the oldest A.O.A. technical Division. 

Division Chairman R. L. Telford, Ma- 
son & Hanger-Silas Mason Company, 
New York, N. Y., expressed his interest 
in the Loading Section and pointed out 
the areas of contributions made by the 


saying, 


information, 


Association. 

Highlight of the dinner meeting was the 
address of guest speaker, Rear Adm. M. 
A. Hirsch, Assistant Chief for Fleet 
Readiness, Bureau of Naval Weapons, 
Washington, D. C., 
“How the Bureau of Naval Weapons has 
been organized to serve the needs of the 
fleet.” 

A large number of papers were pre- 
sented dealing with various subjects of 
interest to Loading Section members. 
These were given by: H. M. Krengel, 
Ravenna Arsenal, Ravenna, Ohio; Col 
L. C. Sorensen, Ordnance Ammunition 
Command, Joliet, Ill.; Thomas L. Gaines, 
Louisiana Ordnance Plant, Shreveport, 
La.; D. E. Heffelbower, Mason & Han- 
ger-Silas Mason Company, Burlington, 
lowa: Paul B. Tweed, Feltman Research 
and Engineering Laboratory, Picatinny 
Arsenal, Dover, N. J.; L. Colleti, Pica- 
tinny Arsenal; Frederick M. Bishoff, Of- 
fice, Chief of Army Ordnance, Washing- 
ton, D. C.; J. A. Taylor, Picatinny 
Arsenal. 

Also, C. W. Falterman, U. S. Naval 
Ordnance Test Station, China Lake, Calif. ; 
William McBride, Naval Weapons Sta- 
tion, Yorktown, Va.; Dr. Walter C. Mc- 
Crone, McCrone Associates, Chicago, III. ; 
Robert J. Shirock, Ordnance Field Safety 
Office, Jeffersonville, Ind.; Arthur C. For- 
syth, Feltman Research and Engineering 
Laboratory, Picatinny Arsenal; Norman 
E. Beach, also of Picatinny Arsenal; G. 
H. Yocum, Ravenna Arsenal; O. B. 
Hunt, Joliet Arsenal, Joliet, Ill.; Richard 


whose topic was 
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M. Rindner, Picatinny Arsenal; Milton 
Roth, also of Picatinny; and M. H. Weg- 


ener, Mason & Hanger-Silas Mason Com- 


pany, Burlington, Iowa. 





Powder Metallurgy Section Inspects 
Five Plants During Visitation Program 


The Powder Metallurgy Section of the 
Materials Division held a plant visitation 
at Detroit, Mich., late in the spring, as 
part of its program of technical educa- 
tion and cooperation with Ordnance ar- 
senal personnel. During the 2-day visita- 
tion, five plants were visited, covering 


Some of the members of the Association's Powder Metallurgy 


fort of the Powder Metallurgy Section to 
acquaint design and production engineers 
with the capabilities of the powder metal 
lurgy process. It was felt that other tech- 
nical Sections of A.O.A. might profitably 
arrange similar visitation programs. 
Section Chairman A. J. Langhammer 


Section, 


Materials Division, during the 2-day visitation of five plants in the Detroit area. 


practically every facet of commercial pro- 
duction by powder metallurgy. Manufac- 
ture of porous bearings, friction materials, 
and many other specialized productS was 
exhaustively studied by ordnance engi- 
neers and carefully explained by the host 
companies. 

During the evening sessions ample time 
was afforded for discussion between Gov- 
ernment personnel and representatives of 
the host companies to review the past ef- 


said that the Section intends to hold fur- 
ther plant visitation meetings in the fu 
ture. He praised the efforts of Ordnance 
personnel to learn and benefit by these 
visits and pointed to a number of exam- 
ples of current production of complicated 
powder-metallurgy parts which probably 
would not have been adapted to this proc- 
ess successfully without the background 
knowledge and experience imparted by 
such efforts 





Planning And Programming Committee 
Formed To Improve Technical Operations 


A Planning and Programming Com- 
mittee to study approaches for the im- 
provement of A.O.A. technical operations 
was formed in May and held its first 
meeting in June at Washington, D. C. 

Everett L. Baugh, Cadillac Motor Car 
Division, GMC, Cleveland Ordnance 
Plant, Cleveland, Ohio, general chairman 
of Technical Divisions and Sections, was 
appointed chairman of the new commit- 
tee. Maj. Gen. Edward P. Mechling, 
A.O.A. staff director for technical oper- 
ations, was named deputy chairman, and 
Col. Henry C. Thayer, staff director for 
public information, was made secretary. 
Col. Henry N. Marsh, Wilmington, Del., 
association vice-president, also attended 
the first meeting in Washington‘ on June 
7th and 8th. 


In most instances, Division chairmen 
have appointed members of their Divisions 
to represent them on the committee. These 
representatives are: Dr. Philip H. Bur 
dett, Remington Arms Company, Bridge- 
port, Conn., Small Arms and Small Arms 
Ammunition Division; Col. William J 
Darmody, U.S.A. (Ret.), Sheffield Cor 
poration, Dayton, Ohio, Standards and 
Metrology Division; Walter E. Faithorn, 
Jr., Stewart-Warner Corporation, Wash 
ington, D. C., Bomb, Warhead and Artil- 
lery Ammunition Harry L 
Ingram, Jr., Air Reduction Company, 
Washington, D. C., Combat and Tactical 
Vehicle Division; Christy H. Madsen, 
Naugatuck Chemical Division, U. S. Rub 
ber Company, New York, N. Y., Materials 
Division; A. Richard Metzger, Bethlehem 


Division ; 
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Adm. A. G. Noble, chairman emeritus of 
the Association's Underwater Division, 
left, presents the A.O.A. Adm. W. H. P. 
Blandy Memorial Award, an engraved 
shotgun, to Midshipman Glenn L. Barton 
at the Naval Academy, Annapolis, Md. 


A.O.A. Vice-President Henry T. Luria, 
left, presents the A.O.A. Col. James L. 
Walsh Memorial Award, a sporting rifle, 
to Cadet James J. Stewart at the U. S. 
Military Academy for proficiency in ord- 
nance. These awards are made annually. 





Steel Company, Bethlehem, Pa., Artillery 
Division, 

Division chairmen representing their 
respective Divisions are: Dr. G. R. Ta- 
tum, Vitro Laboratories, Silver Spring, 
Md., Underwater Ordnance Division; and 
Thomas P, Wharton, Packaging Con- 
sultants, Inc., Washington, D. C., Pack- 
aging and Handling Division. 

Committee members reviewed certain 
problems and made plans for future op- 
The interest of the A.O.A. in 


human engineering also was discussed and 


erations. 


plans were made to send a list of special 
ists in this field to the commodity Divi- 
sions. Commodity Division chairmen will 
make the distribution of the lists which 
will include the names of specialists from 
both Government and private industry. It 
was decided that no special organization 
on human engineering will be established 
at the present time. 

Since the subjects of reliability, quality 
control, and qualification testing are of 
broad and continuing interest to the tech- 
Planning and Pro- 


nical Divisions, the 


gramming Committee will monitor this 
interest and coordinate necessary mutual 
support between Divisions. It was an- 
nounced that a report from the Commit- 
tee on Value Engineering would be pre- 
sented at the next meeting. 

Interest of the A.O.A. in technical pub- 
of the also was 

particularly in the field of 


maintenance and supply, and an ad hoc 


lications armed forces 


discussed, 


committee was appointed by Mr. Baugh 
to prepare recommendations for further 
action in this field. Members of the ad 
hoc committee are Dr. Tatum, chairman, 
Mr. Burdett, and Mr. Kadie. 

All members participated in a discussion 
on arrangements for mutual support be- 
tween Divisions and Sections, and several 


areas of mutual interest were determined 
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The problem of funding technical meet- 
ings and A.O.A. technical operations was 
explored. The particular problem was the 
cost of preparing full reports on Section 
meetings, and it was determined that the 
cost of publishing such reports must be 
included in the meeting fee. Standard ar- 
rangements for handling meeting fees and 
clearances through A.O.A. headquarters, 
as indicated in the Manual, are to be 
followed. 


Eugene G. Grace For Many 
Years Was An Active Member 
Of The Ordnance Association 


Eugene Gifford Grace, a member of the 
American Ordnance Association and for- 
mer president and honorary chairman of 
the Bethlehem Steel Corporation, died at 
Bethlehem, Pa., on July 25, 1960. A 
leader in the steel industry, Mr. Grace 
was also an active supporter of the Asso- 
ciation since its beginning. 

Mr. Grace was a graduate of Lehigh 
University. His first employment was at 
Bethlehem Steel Company’s small plant 
in Bethlehem as an electric crane oper- 
ator. During the fifty years following, 
he rose to direct one of the world’s larg- 
est steel producers. 

During the First World War he led 
the organization of the steel industry's 
development as a major factor in the war 
effort. And again in World War II he re- 
peated this accomplishment. He had a 
leading part in the inauguration and op- 
eration of the Controlled Materials Plan 
which was intended to assure steel for 
military and civilian needs. 

Under Mr. 
Bethlehem Steel Company became a lead- 


Grace’s supervision, the 


ing developer and producer both of armor 
plate and of armor-piercing projectiles. 
He also guided the company in the pro- 
duction of ships. He was closely identified 
with many of the leading figures in the 
ordnance effort during the past fifty years 
and was a strong support in the forma- 
tion of the Ordnance Association in 1919. 


Gun Tube Section Discusses 
High-Strength Materials 
At Philadelphia Meeting 


High-strength materials for gun tubes 
and component parts was the principal 
topic at a spring meeting of the Gun Tube 
Section, Artillery Division, held at Frank- 
ford Arsenal, Philadelphia, Pa. 

Section Chairman A. R. Metzger, Beth- 
lehem Steel Company, Bethlehem, Pa., 
conducted the meeting of the newly or- 
ganized Section. John Penrose, a Section 
consultant, Watervliet Arsenal, N. Y., 
presented new Ordnance concepts pertain- 
ing to gun tubes, breech rings, and muzzle 
brakes. 

Although the discussion touched upon 
cold-work methods and erosion-resistant 
materials, primary emphasis was placed 
upon the need for steel with appreciably 
high minimum yield strengths. 


A.O.A. Honors Outstanding 
R.O.T.C. Cadets With 
Scholarship Key Awards 


Each year the honor Ordnance cadets 
in the R.O.T.C. units in colleges through- 
out the country are awarded the Ameri- 
can Ordnance Association Scholarship 
Key. The awards were made recently to 
the students named below at the follow- 
ing institutions : 

University of Arkansas—Cadet Lieut. 
Col. Jon R. Morgan, Piggott, Ark., was 
a distinguished military student. He was 
the R.O.T.C. brigade executive officer and 
was the outstanding cadet in his company 
at the 1959 R.O.T.C. Summer Camp at 
Fort Hood, Tex. He has applied for a 
Regular Army commission. 

University of California—Cadet Col. 
Leonard John Loomis, Salt Lake City, 
Utah, is a distinguished military student. 
He majored in business administration 
and is a member of the Phi Sigma Kappa 
fraternity and also belonged to the Uni- 
versity of California Men’s Glee Club. 
Upon graduation, Cadet Loomis is ac- 
cepting a Regular Army commission in 
the Ordnance Corps. 
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University of Cincinnati—Cadet Jack 
E. Lower is a distinguished military stu- 
dent majoring in electrical engineering. 
He is president of Omicron Delta Kappa, 
vice-president of Phi Delta Theta, and a 
member of various organizations such as 
Scabbard & Blade, Pershing Rifles, and 
Student Council. 

Cornell University—Cadet Edward J. 
Savitsky, Mary-D, Pa., majored in elec- 
trical engineering. He was a distinguished 
military student, a member of Scabbard 
& Blade, and was voted the “most valu- 
able player” award for participation on 
the varsity football team. He will be com- 
missioned as a second lieutenant in the 
Ordnance Corps. 

The Citadel—Cadet 2nd Lieut. James 
C. Fields, Atlanta, Ga., has been desig- 
nated a distinguished student. 
Cadet Fields has been active in the Amer- 
ican Ordnance Association, the Society of 
\merican Military Engineers, the Knox 
Chemical Society, and the Association of 
the U. S. Army. He has been on the 
Dean’s List for four semesters. 

Clemson Agricultural College—Cadet 
Col. James Carlisle Scott, Jr., Gaffney, 
S. C., majored in industrial management 
He is a member of Scabbard & Blade 
Sigma Tau Epsilon, Pershing Rifles, and 
is listed in Who’s Who in American Col- 
leges and Universities. 

Dartmouth College—Cadet Jeffrey Ira 
Fine, New York, N. Y., majored in busi- 
ness administration. He participated as a 
member of the varsity swimming team 
and was a member of the Dartmouth 
Outing Club. 

University of Dayton.—Cadet Thomas 
\. Bell, East Cleveland, Ohio, is a dis- 
tinguished military student. He majored 
in mechanical engineering while at the 
University of Dayton and will apply for a 
Regular Army commission in the Ord- 
nance Corps. 

Georgia Institute of Technology.—Cadet 
Capt. Wallace B. Bruce, Jr., Gainesville, 
Ga., is a distinguished military student 
majoring in industrial engineering. He is 
president of Beta Theta Pi Fraternity, a 
member of Alpha Pi Mu, Tau Beta Pi, 
and Scabbard & Blade. He was awarded 
a year’s scholarship to study in Germany 
after which he is interested in a Regular 
Army commission. 

University of Illinois —Cadet Capt. Ur- 
ban A. Weidner, Urbana, IIl., has been 
designated as a distinguished military stu- 
dent, and majored in marketing. He was 
a member of the “I” Men's Association 
and Sigma Nu Fraternity. He 
commissioned in the Ordnance Corps 
University of Kansas—Cadet Capt. 
Lawrence L. Dieker, Salina, Kans., en- 
rolled in the School of Business, was a 
distinguished military student. He was the 
supply officer of the University of Kansas 
Company of Pershing Rifles, national 


military 


will be 
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honorary military fraternity; a member 
of the University of Kansas Association 
of the United States Army Company; 
president of his social fraternity, Phi 
Kappa Theta, and treasurer of the All 
Student Council. He will be commissioned 
in the Ordnance Corps. 

Knox College.—Cz ieut. Col. Ed- 
ward Andrew Vondrak, Chicago, IIl., 
majored in physics. He was a distin- 
guished military student and a member of 
Phi Beta Kappa and Scabbard & Blade. 
Upon graduation he will be commissioned 
in the Ordnance Corps. 

Lafayette College—Cadet Joseph M. 
Jarletta, New York City, N. Y., was 
majoring in electrical engineering. He 
participated in sports, particularly the var- 
sity track team, the A.I.E.E. and I.R.E. 
Scabbard & Blade, and was captain of the 
Pershing Rifle Company. 

Lehigh University—Cadet Robert N. 
Smiley, Slippery Rock, Pa., majored in 
chemical engineering. He displayed out- 
standing ability, resourcefulness, and all- 
around excellence in the R.O.T.C. pro- 
gram. He was a member of Beta Theta 
Pi Fraternity, and was a member of the 
Scabbard & Blade Society. 

Louisiana State University.—Cadet 
Robert R. Blanchard, Port Allen, La., is 
a distinguished military student. He ma- 
jored in chemistry and physics and was 
a member of Alpha Chi Sigma (chemis- 
try), Sigma Pi Sigma (honorary phys- 
ics), Scabbard & Blade (military), Amer- 
ican Chemical Society, and the Society of 
American Military Engineers. Upon grad- 
uation he will be commissioned as a sec- 
ond lieutenant in the Ordnance Corps. 

University of Maine—Cadet Capt. Max 
William Stewich, Lisbon Falls, Maine, 
majored in engineering physics and was 
student director of the university band 
and cadet captain of the R.O.T.C. band. 
He will be commissioned a second lieu- 
tenant in the Ordnance Corps. 

Massachusetts Institute of Technology. 
—Cadet Col. Robert S. Troth, Oakton, 
Va., majored in electrical engineering. 
He has been active in both Scabbard & 
Blade and Pershing Rifles. He was a 
member of intervarsity Christian Fellow- 
ship and the Wesley Foundation, and ex- 
celled in a number of intramural sports. 

Michigan State University.—Cadet 
Capt. Douglas B. Ostien, Philadelphia, 
Pa., majored in mathematics and physics. 
He has been designated a distinguished 
military student. His campus and com- 
munity activities included participation in 
the ‘Pi Mu Epsilon fraternity, Spartan 
Christian Fellowship, and was director of 
the Baptist Church choir. 

University of Minnesota—Cadet Maj. 
Robert D. Peterson, Minneapolis, Minn., 
has been designated as a distinguished 
military student. He majored in account- 
ing in the School of Business Administra- 
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communications problems ? 


If an enemy should stage a 
surprise attack against the 
United States, our survival 
could depend on fast, reliable 
communications with com- 
mand posts around the world. Hoffman has 
been a leader in the development and pro- 
duction of specialized communications 
equipment since the early days of World 
War II. Today, it is making significant con- 
tributions to some of the most advanced 
global communications systems employed 
by our military forces. With this experi- 
ence, Hoffman stands ready to offer solu- 
tions to your communications problems. 


ELECTROMECHANICAL SOLAR POWER SYSTEMS MANAGEMENT 


NAVIGATION FIELD SERVICES COUNTERMEASURES 


Hoffman /s.sctromes CORPORATION 


Military Products Division 
3740 S. Grand Avenue, Los Angeles 7, California 


Significant developments at Hoffman have created positions for scientists and engineers of high calibre. Please address inquiries to Vice President, Engineering, 
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USAF BOMARC Missile produced by Boeing Airplane Co 
—equipped with Ti-built PDM/FM/FM telemetry system. 


Tl TELEMETRY 
IN’ MISSILE SYSTEMS 


TEXAS INSTRUMENTS 


APPARATUS 
DIVISION 


INCORPORATED 
6000 LEMMON AVENUE . DALLAS 9. TEXAS 





Checks out explosive igniters 


This new one-pound, pocket-sized 
tester is ideal for field checking of 
detonators, primers or ejection seat 
squibs. A simple digital readout on 
the instrument indicates whether the 
resistance falls within the manufac- 


427, Solana Beach, California. 
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turer’s specifications to insure proper 
operation. A quality instrument at a 
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low price. For more information, write 
to Kinetics Corporation, P.O. Box 


KINETICS Fr -@ 
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tion. He has been an active member of 
the Army R.O.T.C. Rifle Team, Scabbard 
& Blade, and the University Accounting 
Club. He will be commissioned in the 
Ordnance Corps. 

Missouri School of Mines and Metal- 
lurgy—Cadet Lieut. Col. Louis C. 
Rephlo, Jefferson City, Mo., majored in 
electrical engineering. He was vice-presi- 
dent of Blue Key; a member of Pi Kappa 
Theta, Eta Kappa Nu, Tau Beta Pi, and 


, 


Se 


J. R. Morgan L. J. Loomis 


Phi Kappa Phi. He will be commissioned 
as a second lieutenant in the Ordnance 
Corps. 

Murray State College—Cadet William 
R. Threlkeld, Lakeland, Ky., majored in 
mathematics. He will be commissioned a 
second lieutenant in the Ordnance Corps. 

University of New Hampshire—Cadet 
Herbert N. Clark, Portland, Maine, was 
designated a distinguished military stu- 
dent. His major area of study was gov- 
ernment. Cadet Clark was a member of 
the varsity rifle team, is a member of the 
Scabbard & Blade Military Society, and 
also a member of the Sigma Alpha Ep- 
silon social fraternity. He will be com 
missioned a second lieutenant in the Ord 
nance Corps and plans to accept a Regu- 
lar Army commission. 

North Dakota Agricultural College— 
Cadet Frederick D. Williamson, a chemi 
cal technology major, was designated a 
distinguished military student because of 
his academic, military, and leadership 
abilities. He served actively as treasurer 
of Dakota Company, Association of the 





E, J. Savitsky J. J. Fine 


U. S. Army, has been active in the Chem- 
istry Club, and during the fall quarter 
served as battle group commander. Upon 
his graduation he will be commissioned 
in the Ordnance Corps. (Contd. on p. 230) 
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PROJECT 
MERCURY 


MEDICAL Project Mercury is not just another satellite shot. A man will be 
aboard. That man must be kept alert and alive. The safety of 
the astronaut is a primary consideration of NASA and 
McDonnell Aircraft, prime contractor for the Mercury capsule. 


AMPLIFIERS As a Project Mercury subcontractor, the Tapco Group 
has designed four different miniature amplifiers with unique circuitry 
for monitoring body functions and environment. These units 
are vital to the system that measures and telemeters the heartbeat and 
DESIGNED body temperature of the astronaut, and the amount of oxygen 
and carbon dioxide in his breathing atmosphere, allowing 
the astronaut to take corrective action when necessary. 
The ability to create unusual devices for space science and weaponry is 
AND primary in the Tapco Group. That is one reason we are part 
of such projects as Mercury, and Snap I, Snap II, Pershing, X-15, 
and the satellite solar power system Sunflower I. 


MANUFACTURED 


eytH#e TAPCO GROUP 


Thompson Ramo Wooldridge Inc. 


CLEVELAND 17, OHIO 


DESIGNERS AND MANUFACTURERS FOR THE AIRCRAFT, MISSILE, ORDNANCE, ELECTRONIC AND NUCLEAR INDUSTRIES 
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N.A.S.A.’s Project MERCURY, first U.S. manned 
Space Capsule, built by McDonnell Aircraft. 


Ti TRANSMITTERS 
INN SPACE EXPLORATION 
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SPECIAL PROJECTS OFFICE 
(Under Subcontract with GE.) 
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Flight G Practice Bomb Miss-Distance System 
Torpedo Flight Gear Container AN/USQ-11 
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‘ . . typical examples of outstanding 
achievement in mechanical, electronic, and 
bf electromechanical development to meet the 


Training System many and varied needs of our modern Navy. 
for Sergeant Missile 


INC. AIRCRAFT 
ARMAMENTS, inc. 
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J. C. Fields Carlisle Scott, Jr. 


University of Netre Dame.—Cadet 
George M. Richvalsky, Bayonne, N. J., 
majoring in electrical engineering, has 
been selected as a distinguished military 
student. At Notre Dame he has been on 
the dean’s list, secretary of the A.I.E.E., a 
member of the Metropolitan Club, and 
has been selected for assignment to the 
Ordnance Corps. 

Ohio State University—Cadet Maj. 
John S. Fletcher has been designated as 
a distinguished military student. He is a 
member of the Pershing Rifles, Scabbard 


T. A. Bell W. B. Bruce, Jr. 


& Blade, and a member of the varsity 
wrestling team. 

Oklahoma State University—Cadet Col. 
Fred M. Welsh has been designated as a 
distinguished military student. He ma- 
jored in engineering and will be commis- 
sioned in the Ordnance Corps. 

Pennsylvania Military College—Cadet 
Capt. James W. Brown, St. Louis, Mo., 
was designated a distinguished military 
student. He was an honor member of the 
Triangle Club, honorary engineering so- 
ciety, and also a member of Theta Chi 
fraternity, Engineers’ Club, Society of 
\merican Military Engineers, and the 
wrestling team. While a member of the 
Pershing Rifles he was a participant when 
the team won over thirty-five trophies in 


Tas 


L. L. Dieker U. A. Weidner 
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OBSOLETE ? NEVER/ 


NORTHWESTERN 
ORDNANCE PARTS 
KEEPS THEM 








RUNNING / 


Northwestern is the only commercial source in 
the world that manufactures and supplies service 
parts for all type models of U. S. made tactical 
and combat military vehicles. Here is why more 
than 40 nations purchased the majority of these 
needs from Northwestern last year. 


1 


Northwestern can guarantee to supply every 
needed part, now and for as many years as may 
be required and will if desired furnish a per- 
formance bond guaranteeing that any orders 
which it accepts will be delivered in full by 
specified dates. 


Minneapolis 11, Minnesota, 








2 Northwestern knows military vehicles, and in 


3 


41 years of business has supplied virtually 
every part needed to keep them running. 


Northwestern delivers guaranteed parts... 
always in accordance with the original manu- 
facturer’s specifications and quality. Napco’s 
combined manufacturing facilities encom- 
pass over 800 major machine tools and 1200 
employees. 


Quotations on requirements parts lists are invited 
Master Parts Catalog is available free to interested 
representatives, governments and military 
personnel. 
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ECRET 
SILO 


Somewhere in a wasteland, the Air Force Minuteman will 
keep its lonely vigil all through a thousand nights. Buried and 
untended, it must be ready to spring to life if the button is 
ever pushed. 

Minuteman: poses a real challenge to the New Reliability 
—reliability which must guarantee successful firing at any 
moment in the far future. Each of the missile’s systems, each 
of its thousands of electronic components, must function per- 
fectly at that given moment. For once the missile is lowered 
into its silo, no human hands again need touch it. 

The, Minuteman’s critical guidance and control system has 
been entrusted to Autonetics. We are proud to be a member of 
this United States Air Force missile team. 

Once again America’s defense force reaps the harvest of 
Autonetics’ pioneering. A decade of experience with major 
projects has given Autonetics a unique capability in systems 
management—and in meshing its work with that of other 
companies in building modern weapon systems. 


Suidance Systems by Autonetics @) 


DOWNEY, CALIFORNIA 
A DIVISION OF NORTH AMERICAN AVIATION, INC. REGIONAL OFFICES: WASHINGTON, 0.C. AND DAYTON, OHIO 


INERTIAL NAVIGATION / ARMAMENT AND FLIGHT CONTROL/ COMPUTERS AND DATA SYSTEMS 
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R. N. Smiley R. R, Blanchard 
three years. He plans to enter Rensselaer 
Polytechnic Institute on an assistantship 
awarded to him by that institution to earn 
his doctor’s degree in physics. After grad- 
uate study he will enter the Ordnance 
Corps as a second lieutenant. 

Pennsylvania State University.—Cadet 
Maj. David A. Nelson, Erie, Pa., majored 
in engineering. He was president of Sigma 
Tau Gamma, a member of American So- 
ciety of Mechanical Engineers, and will 
be commissioned in the Ordnance Corps 
upon graduation. 

Polytechnic Institute of Brooklyn.— 
Cadet Noel X. DeLessio, New York, 
N. Y., majored in electrical engineering 
and expects to continue his studies in this 
field. 

Rutgers University—Cadet Maj. Rob- 
ert C. Brinster, Jr., Pompton Lakes, 


M. W. Stewich R. S. Troth 


N. J., majored in agriculture. He was 
commander of the combined Army and 
Air Force Band, a member of Scabbard 
& Blade, and of the Kappa 
Kappa Psi honorary band fraternity. He 
second lieu- 


secretary 


will be commissioned as a 
tenant in the Ordnance Corps. 

Sam Houston State Teachers College.— 
Cadet Terry M. Carlton, Groveton, Tex., 
majored in physics. He was designated as 





R. D. Peterson L. C. Rephlo 
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a distinguished military student and pres- 
ident of Delta Tau Delta fraternity. He 
has been selected for Who’s Who in 
American Colleges and Universities. He 
will enter the Regular Army with a com- 
mission in the Ordnance Corps. 

Spring Hill College—Cadet Maj. Faus- 
tin N. Weber, Memphis, Tenn., majoring 
in physics, is a member of the Scabbard 
& Blade; an officer of Omicron Sigma 
fraternity, and a member of Spring Hill 
College Physics Club. Upon graduation 
he will receive a commission as a second 
lieutenant in the Ordnance Corps. 

Stanford University—Cadet Capt. Kirk 
Beales, San Francisco, Calif., majored in 
chemical engineering. Cadet Beales was a 
most outstanding student having achieved 
the highest on the U. S. Army Rq-4 test 
ever attained by a student. He was an 
active member of the Stanford rifle team, 


H, N. Clark 


W. R. Threlkeld 


Scabbard & Blade, Association of the 
United States Army, and American In 
stitute of Chemical was 
appointed a distinguished military stu 
dent. He has been offered a research as- 
engineering at 


Engineers. He 


sistantship in chemical 
Berkeley after serving on active military 
duty. 

State University of South Dakota.— 
Cadet Lieut. Col. David William Eyres, 
Baltimore, Md., has been designated as a 
distinguished military student. He has 
been majoring in applied science and 
stood first in a graduating class of nine- 
teen. He held offices in various fraterni- 
ties including Phi Eta Sigma and Phi Mu 
Alpha. He was vice-president of Scabbard 
& Blade and was Who's 
Who Among Students in American Uni- 
versities and Colleges. He participated in 
intramural sports, particularly basketball 


mentioned in 


D. B. Ostien G. M. Richvalsky 
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Some vessels split open with ease. 
That's because nature designed them 
with break-apart seams. Ask any 
botanist for complete information. 
But, if you're interested in vessels 
that won't split open, talk to National 
Tube. Our high-pressure vessels are 
made by the seamless process. 

USS National Seamless Steel Cylinders 
are uniformly strong; they're 

pierced from solid, white-hot billets 
of high-quality steel—carbon, 

alloy or stainless. These husky 
vessels have up to 3-inch thick walls 
to contain pressures as high as 
10,000 psi—perfect for handling, 
transporting and storing gases 

or liquids at temperatures ranging 
from minus 320 F. to 1,000 F. Write for 
Bulletin 25. National Tube Division, 
United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pennsylvania. 


USS and National are registered trademarks 


National Tube 
Division of 
United States Steel 


Columbia-Geneve Stee! Division, San Francisco, Paciiic Coast Distributors 
United States Stee! Export Company, New York 
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and bowling. Cadet Eyres has received the Walter P. Murphy 
fellowship for graduate study in engineering at Northwestern 
University’s Technological Institute. 

St. John’s University—Cadet Col. John R. Ficenec, Rochester, 
Minn., was nominated and has accepted a fellowship at Iowa 
State University, Ames, Iowa, in nuclear science. Colonel Fi- 
cenec tied for first place in his senior class of 213, receiving a 
grade of A in all semesters. He participated actively in athletics 


J. S. Fletcher J. W. Brown D, A. Nelson 


and was a member of the Monogram Club. He was selected 
for assignment to the Ordnance Corps upon being commissioned 
last June. 

Syracuse University—Cadet Lieut. Col. Joseph Mercurio, 
Syracuse, N. Y., majoring in mathematical education, was presi- 
dent of Pi Mu Epsilon math fraternity, president of Kappa 
Sigma fraternity, a member of the senior executive council, and 
has been on the dean’s list for several years. He is a distin- 
guished military student. 

University of Tennessee —Cadet Maj. John D. Broyles, Mary- 
ville, Tenn., was designated as a distinguished military student. 
He majored in industrial engineering. He is a member of the 
American Institute of Industrial Engineers and Scabbard & 
Blade. 

Texas Technological College—Cadet Capt. Donald L. Zim- 
merman, Oklahoma City, Okla., now working toward a dual de- 
gree in speech and mathematics, is a distinguished military stu- 
dent. He is a member of the Sigma Chi fraternity and Scabbard 
& Blade. He was vice-president of the Tech Speech Association 
and Tech Toastmasters. Cadet Zimmerman hopes eventually to 
enter Harvard Law School. He will accept a commission in the 
Ordnance Corps. 

Texas Western College—Cadet Lieut. Col. William S. Creigh- 
ton, Jr., El Paso, Tex., majored in business administration. He 
has been designated as a distinguished military student and is a 
member of Delta Sigma Pi, Sigma Chi, and Scabbard & Blade. 
He is in Who’s Who in American Colleges and Universities and 
was on the dean’s list. He was one of the two most outstanding 
senior R.O.T.C. cadets and has been tendered a Regular Army 
commission in the Ordnance Corps. 

Vanderbilt University—Cadet Capt. Ted L. Lee, Nashville, 
Tenn., majoring in mechanical engineering, was a member of 
Pershing Rifles, assistant PIO on the cadet battle group staff, 
and is a member of Scabbard & Blade. Cadet Lee is a member of 
the Student Christian Association, Junior Athletic Association, 
and Tau Beta Pi honorary engineering fraternity. 


N. X. DeLessio 


R. C. Brinster W. S. Creighton, Jr. 
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90,000 Btu/hr Janitrol liquid heater 


for support vehicle comfort and cargo heating, 
windshield defrosting. Ideal for use on fire trucks, 
movers, weapons loaders, personnel carriers, in 
temperatures to —65 


500,000 Btu/hr Janitrol liquid heater 


for structures, large vehicles, and for heating de- 
contaminants and cleaning fluids on mobile ice 
removal units. 


1,000,000 Btu/hr Janitrol liquid heater 


for heating chemicals during storage and transfer, 
vaporizing liquids, and in a wide variety of support 
vehicles and buildings. Approximately 18” in di- 
ameter, 47” high, weight: 270 Ibs. 











liquid heater packages 
for reliable 
ground support 


Missile and aircraft support equipment builders 
use Janitrol liquid heater packages—for comfort 
and cargo heating, structures, special vehicles, or 
wherever the convenience of liquid heat can be 
utilized— because they're built for and have 

been proved in scores of military applications. 

They meet appropriate MIL specifications, 
are fully qualified, and are supplied in outputs up 
to one million Btu/hour. They provide any 
desired amount of heat up to rated output and 
automatically maintain constant temperatures. 

As an example of acceptance, most Air Force 
crash-fire vehicles are equipped with one or 
more of these heaters, for engine, chemicals, cargo 
and crew space heating. Multi-fuel operation 
is standard, and they perform reliably in 
multiples for heat requirements which exceed 
the output of a single unit. 

Write for detailed specifications proposals to 
the Liquid Heater Department, Janitrol Aircraft, 
a division of Midland-Ross Corporation, 
Columbus 4, Ohio. 


pneumatic controls * duct couplings and supports + heat exchangers + combustion equipment for aircraft, missiles, ground support 





AiMITFIOL. 
Fn 


Write for “Janitrol Resources,” brochure on Janitrol capabilities. 
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T. M. Carlton F. N. Weber 


Virginia —Cadet Maj. 
Eugene E. Leasure, Jr., Petersburg, Va., 


University of 


majoring in electrical engineering, was 
designated a distinguished military stu- 
dent. He was president of Eta Kappa Nu, 
national electrical engineering honor so- 
ciety. He was a member of Jefferson 
Sabres, Theta Tau national professional 
engineering society, and demonstrated out- 
standing military leadership. 

Virginia Polytechnic Institute —Cadet 
Sgt. Stanley M. Wolf, Md., 
was 2 distinguished military student. He 
was a member of the Phi Kappa Phi and 
Alpha Sigma Mu fraternities and is listed 
in “Who’s Who in American Colleges and 
Universities.” 

University of Washington.—Cadet Ar- 
gie E. Haddock, Aledo, Tex., was a dis- 


3altimore, 


tinguished military student majoring in 


Kirk Beales D. W. Eyres 
electrical engineering. Cadet Haddock was 
a member of Scabbard & Blade and the 
student chapter of the Association of the 
U. S. Army. 

Western University.—Cadet 
Ist Lieut. Lamar E. Bullock, Hastings, 
Mich., majoring in physics, is expected 


Michigan 


A. E. Haddock 


J. D. Broyles Joseph Mercurio 
to graduate with physics honors and a 
National Science Foundation undergrad- 
uate research grant. He participated on 
the rifle team, physics seminar, and was 
associated with the American Association 
Teachers. Cadet Bullock 
potential for leadership 


of Physics 
showed great 
and has been assigned to the Ordnance 
Corps. 

West Virginia University —Cadet Lieut. 
Col. John P. Scherlacher, Pittsburgh, 
Pa., majored in electrical engineering. 
Cadet Scherlacher is a distinguished mili- 
tary student and is secretary of the Sigma 
Chi social fraternity. He is a member of 
the American Institute of Electrical En- 
gineers, Scabbard & Blade, Phi Beta Pi, 
and Theta Kappa Nu. He was recipient 
of the R.O.T.C. gold medal award of the 
Society of American Military Engineers. 





We Believe that Peaceful co-existence is best maintained by being Too Tough to Tackle 
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MASON & HANGER — SILAS MASON CO., INC. 


ENGINEERS and CONTRACTORS 





Designers of Explosives Processing Plants and Explosion Resistant Structures 
Builders and Operators of Ordnance Facilities 


Lexington 
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ete)", s-5 5 DIESEL ENGINES 
‘Sages saree em AND ELECTRIC SETS 


Announcing a new line of Caterpillar 
four-cycle Diesels that sharply reduce phys- 
ical dimensions and weight-to-horsepower 
ratio. Features of durability, fuel economy 
and dependability, long associated with 
Cat four-cycle Diesels, are retained. 


Four-cycle Premium Performance... 
at No Premium in Price 
Excellent Service Life 


Turbocharged or 
Turbocharged-Aftercooled 


New Compactness 

Less Total Weight 
Exceptional Fuel Tolerance 
Clean Burning of Fuel 


Power-output Ratings Are Realistic, 
Horsepower or Kilowatt Certification 
on Request 


Available in Industrial, Marine or 
Electric Set Configurations 


For complete performance specifications 
on these new Caterpillar Diesels or on the 
complete line, see your Caterpillar Dealer. 
Or, write to Engine Division, Caterpillar 
Tractor Co., Peoria, Illinois, U.S. A. Ask 
for the catalog on the complete Caterpillar 
Engine line. 


CATERPILLAR 


Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 
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NEW DEVELOPMENTS 





Pershing System Tested 

The Army recently fired its Pershing 
ballistic missile successfully from its self- 
contained transporter-erector-launcher 
(TEL) tracked 
Che entire Pershing system is transported 


mounted on a vehicle. 
on these tracked vehicles which will give 
the weapon true battlefield mobility (see 
photo on page 219). 

The 


proving out the 


was a threefold success, 
transporter and the 
top of the tracked 
vehicle in addition to the successful mis- 


firing 
launcher carried on 


sile firing. 

Known as the XM474, the full-tracked 
vehicle is a product of the Ma- 
chinery and Chemical Corporation of San 
Jose, Calif. The missile transporter-erec- 


F< rd 


tor-launcher, TEL, mounted on top of the 
tracked 
Thompson Air 
Cleveland, Ohio. 

The XM474 is a low-silhouette vehicle 
approximately 17 feet in length, 5 feet in 
height, and 8 feet in width. It travels at a 
maximum speed of about 40 miles an hour. 


manufactured by 
Company of 


vehicle, is 
Products 


Infrared Tank Devices 

Searchlights, periscopes, and binoculars 
which will enable tank operators to ob- 
serve the enemy at night by using either 
visible or infrared light are under devel- 
opment at the Army Engineer Research 
and Development Laboratories, Fort Bel- 
voir, Va. 

The items will form a tank kit consist- 
infrared-visible search- 


ing of an xenon 


light, a gunner’s infrared-visible peri- 
scope, a commander’s infrared periscope, 
The 


searchlight is mounted so that it operates 


and a hand-held infrared binocular. 


in unison with the tank gun. The beam 
can be varied in width and intensity in ei- 
The 


emits infrared radiation which reflects off 


ther light mode. xenon searchlight 


objects under observation. The periscopes 
and binoculars detect the reflected rays. 
The gunner’s periscope has both wide- 


angle and 


high-magnification channels 
using ordinary light and a high-magnifica- 


The 


mander’s infrared periscope provides him 


tion channel using infrared. com- 
with a closed-hatch infrared viewing ca- 
pability. The hand-held infrared binocular 
permits open-hatch infrared viewing by 
the tank commander, 

The searchlight was built under con- 
tract with the Engineer Laboratories by 


the General Electric Company, Hender- 
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sonville, N. C.; the periscopes by Perkin- 
Elmer Corporation, Norwalk, Conn.; and 
the binocular by Wollensak Optical Com- 
pany, Rochester, N. Y. 


First Coherent Light 
first 
light—an 


source of “co- 
radio-light” 


time a 
“atomic 


For the 
herent” 
brighter than the center of the sun—has 
been devised by scientists of Hughes Air- 


Ruby crystal is heart of laser device. 


craft Company, Culver City, Calif. The 
(from light amplification by 
of radiation) is a 


new “laser 
stimulated 
solid-state electronic device, smaller than 


emission 


a water tumbler and containing a syn- 
thetic ruby as its “heart.” 

The spectrum is the 
electromagnetic frequencies, starting with 
commercial radio at 1 million cycles a 


radio range of 


second and extending into the upper mi- 
crowave region of 50,000 million cycles. 
The laser, however, jumps the gap from 
50,000 million cycles to 500,000 billion cy- 
cles, opening the way for a host of im- 
portant applications including: (1) True 
amplification of light (for the first time in 
scientific history); (2) a new scientific 
tool for investigating properties of matter 
and basic experiments of 
physics; (3) focusing light into high-in- 
tensity beams for space communications ; 


performing 


(4) vast increases in the number of avail- 
able communications channels; (5) utiliz- 
ation of high light concentration for in- 
dustrial, chemical, and medical purposes. 

Following are the essential steps in its 
operation: 

1. A light source, such as a powerful 
lamp, irradiates a 


flash-tube synthetic 


ruby crystal. 


2. The optical energy excites the atoms 
to a higher energy state from which the 
energy is reradiated in a narrow band of 
frequencies. 

3. The excited atoms are coupled to an 
atomic resonator and stimulated to emit 
the radiation together. This is in contrast 
to ordinary light sources where the atoms 
radiate individually at random and is re- 
sponsible for the incoherence of these lat- 
ter light sources. 


All-Seeing Radar 


A radar Cyclops known as Esar (elec 
tronically steerable array radar), capa- 
ble of focusing its electronic eye simul- 
taneously on space vehicles and aircraft 
at lower altitudes, is being developed by 
the Bendix Corporation. The electroni- 
cally steerable feature permits Esar to 
look at a great number of objects over a 
wide area at one time, yet it has the 
ability to concentrate on one object while 
keeping the other objects in view. 

This ability is made possible through 
the development of a system using multi- 
ple electronic and track 
without the need of moving parts such as 


search beams 
are used for the mechanical rotation of a 
It will be used to 
track space vehicles launched from Wal 


conventional antenna. 


lops Island, Va., and to monitor airway 
trafic in the Baltimore-Washington 


flight area. 


Missileer-Eagle System 

The Navy recently selected the Doug 
las Aircraft Corporation, Santa Monica, 
Calif., for the development of the Mis 
sileer, the launching aircraft for the Eagle 
long range air-to-air guided missile. The 
Missileer aircraft will be powered by two 
TF30-P-2 turbofan engines under devel- 
opment for the Navy by Pratt & Whit- 
ney, a division of United Aircraft Cor- 
poration. 

The Eagle-Missileer weapon 
employs the concept of building 
range and high performance into the mis- 


system 
long 


sile, rather than into the launching air- 
craft. Development of the Eagle missile 
and its associated fire-control system is 
already under way by the Bendix Corpo- 
ration. 


Surveillance Drone 
A push-button electronic scouting sys- 
tem which for the first time will enable 
(Continued on p. 242) 
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AIRESEARCH designs, develops, 
manufactures and tests a complete line 
of cryogenic valves and controls in indi- 
vidual packages or complete systems for 
missiles, space vehicles and related 
ground support equipment. 

The superior reliability of AiResearch 
cryogenic systems and components is 
backed up by more than 20 years of 
experience as the largest producer of 
valves and controls in the aircraft and 
missile industries. This capability in- 
cludes liquid and gaseous fuel 
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and oxidizer components and systems 
operating at temperatures ranging from 
—420°F. to more than 2000°F. 

AiResearch leadership in all of these 
fields is supported by the most complete 
cryogenic testing and manufacturing 
facilities available. All AiResearch mis- 
sile components are designed and quali- 
fied to meet or exceed requirements of 
military specifications. 

Inquiries should be directed to Con- 
trol Systems, AiResearch Phoenix 

Division. 





1. Airborne pressure regulator and 
shutoff valves for propellant tank, 

2. Airborne check valves. 

3. Ground-to-missile fill and drain sys- 
tems for fuels and oxidizers. 

4. Airborne pressure relief regulator 
and vent valves for propellant tank. 

5. Airborne turbo-pump speed sensors. 
6. Airborne liquid propellant shutoff 
valves. 

7. Ground support pressure regulator 
and shutoff valves. 


CORPON STIG ™ 


AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 


Systems and Components for: aAiRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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966 TRAXCAVATOR—2% CU. YD. STANDARD BUCKET «¢ 140 HP Cat 
0333 Diese! Engine, turbocharged to give extra efficiency and quick 
response for machine drive and bucket hydraulics. * 57” reach at 7’ 
dumping height ... maximum lift—12’ 10”. + LIVE ACTION hydraulics 
for tough excavation, fast lift and dump. * DUAL-RATIO steering for 


CATERPILLAR ADDS 2%. 


. ~ 
ll a 
+ ame 


work and highway travel. Operator shifts lever on steering column 
to select work or travel ratio. For work cycles and quick turns, one- 
half twirl of steering wheel puts Traxcavator in maximum turn. For 
travel ratio, 2 twists of wheel are required for sharpest turn. « DIRECT 
ELECTRIC STARTING standard. Gasoline starting engine optional. 


THE 966 and 922 


Cat’s first wheel loader, the 2 yd. 944, introduced this spring, 
has already gained an acceptance unmatched in machinery 
history. Now there’s a full line and one for your job: the 
966, 2°, yd., 140 HP, for high production jobs where you 
measure time in tons of material loaded; the new 922, an 
80 HP, 14% yd. Traxcavator with all the safety and fast 
operating features of the two bigger machines. The 922 
can give you speed, versatility and production to handle all 
those jump-and-run jobs. 

Have you seen a 944 working in your area? Have you 
asked the owner about its dependability and favorite fea- 


tures? He’s probably got some mighty impressive answers. 
And frankly it’s understandable why these Traxcavators 
have made a name for themselves so quickly. There is a 
7-year history of thorough testing and development behind 
these new machines. They come from the manufacturer 
with 23 years’ loader experience and 20 years of wheel 
tractor know-how. 

Look at the features that are on all 3 loaders: clean, open 
cockpit, easy to get into; bucket arms up front away from 
the operator; well-balanced design; long dumping reach 
(nearly 5’ on the 966), soaring lifts to get over truck sides 


Both the 966 and the 922 have all the features proved in the field by the popular 944 Traxcavator 


POWER SHIFT TRANSMISSION 
with torque converter gives 


OPERATOR SAFETY Lift arms and 
cylinders are ali forward of the 


( 
FORWARD-REVERSE LEVER 


SPEED RANGE SELECTOR 
Sn, 
WORK OR TRAVEL LEVER 
M 


OPERATOR CONVENIENCE Bucket 
controls are on the right side, 








AUTOMATIC BUCKET KICK-OUT 
DEVICE allows faster cycles. After 


smooth, instant shifting for Iist- 
2nd speeds—forward and reverse. 
in trave! range, the machine is in 
2-wheel drive for high-speed road- 
ing. A shift to work range auto- 
matically puts power to all 4 
wheels for full traction. 


cockpit... giving complete free- 
dom of movement. Visibility is 
excelient at all times. it’s easy 
and safe to get into a Traxcavator 
from either side...up 3 wide 
steps...no ladders to climb. 
Tires are covered by fenders. 


leaving the left hand free for ma- 
chine operation. The forward-re- 
verse lever is mounted on the 
steering column for finger-tip 
shifting without decelerating, 
steering is power boosted with 
dual-ratio on the 966, 


loading bucket, pull lift lever to 
up position. Bucket goes up to 
dumping height and contro! kicks 
into hold position automatically. 
While lowering bucket after 
dumping, set tilt lever, and bucket 
is positioned for digging. 





$22 TRAXCAVATOR—1% CU. YD. STANDARD BUCKET + 80 HP. Your 
choice of compact 4-cylinder Caterpillar turbocharged Diese! Engine 
(uses low-cost furnace oi! without fouling) or 6-cylinder gas engine 
with large cubic inch displacement for long life and sustained power. 
Use the type of engine that matches your other equipment. With 


either engine you have one source of warranty responsibility ...one 
source of parts and service ... your reliable Caterpillar Dealer. + Long 
40%” reach at 7’ dumping height... maximum lift of 11’ 2”. + For top 
production in its class, the new 922 Traxcavator has ali the safe, fast 
operating features of the bigger machines. 


TO ITS WHEEL LOADER LINE... 


TRAXCAVATORS 


and railroad cars; automatic bucket controls to speed cycles; 
dependable Cat Diesel power with optional gasoline engines 
on two smaller models; Cat power shift transmission to 
change speed and direction with a finger touch, without 
decelerating; and service features like the dry-type air 


CATERPILLAR 


Caterpillar, Cat and Traxcayates ate Registered of Caterpiliar Tractor Co 





cleaner and unitized construction. 
There’s one man in your area with all the facts — your 


Caterpillar Dealer. Get in touch with him now. 


Ask for a 


demonstration — once you watch one of these machines 


you'll want it! 
Caterpillar Tractor Co., 


DUAL BRAKES The left brake 
peda! neutralizes the transmis- 
sion as it stops the machine. This 
transfers extra power to the 
bucket... assuring full loads even 
in tough material. The right brake 
pedal stops the machine with the 
transmission engaged . . . giving 
full control for roading downhill. 


General Offices, Peoria, IIl., U. S. A. 











EASY SERVICE ACCESS The seat 
tips forward for quick access to 
transmission oil filter and control 
linkage adjustments. Unit con- 
struction allows independent re- 
moval of engine, transmission, 
other major components. The dry- 
type air cleaner can be serviced 
in about 5 minutes. 














LIVE-ACTION HYDRAULIC SyYS- 
TEM Plenty of power from the 
engine is always available to the 
husky vane-type pump that sup- 
plies the pressure and volume for 
fast bucket action. Controi vaives 
are enclosed in the steel reservoir 
for complete protection. System 
is full-flow filtered. 


AVAILABLE WITH A COMPLETE 
LINE OF ATTACHMENTS, includ- 
ing special buckets for light or 
heavy materials, lift forks for 
lumber and palietized materials, 
and the exclusive side dump 
bucket. A fiber-giass cab is also 
available. 





MD simplicity means savings for you 


Here’s a line of d-c power supplies you can literally mount in your relay rack and 
forget . . . the ultimate in simplicity and reliability. It's Sorensen’s MD series 
featuring rugged magnetic regulation, heavy-duty silicon rectifiers, conserva- 
tive continuous-duty ratings for all components. Output voltage holds to +1% 
for input variations from 100 to 130 vac. 132 stock models from 3 to 1000 vdc 
output, 50 to 3000 watts (see table for just a few typical ratings). Several units 
may be used with paralleled outputs for increased capacity up to 9000 watts. 
Current limiting characteristics particularly suit MD's for battery charging and 
filament powering . . . can’t be damaged by output shorts. 

Write for complete MD data... Or, better, send for the new Sorensen catalog, 
listing over 400 power equipment models, plus the name of your Sorensen 


representative. Sorensen & Company, Richards Ave., South Norwalk, Conn. 





POPULAR MODELS AND PRICES 


(Numbers preceding dash in model designation indicate output voltage; those following dash 
indicate maximum current.) 


Model 
50 watt 
MD 6.3—8.0 
MD 12—4.2 
MD 28—1.8 
MD 48—1.1 


Price 


$159 
145 
137 
131 


Model 
200 watt 
MD 6.3—31.8 
MD 12—16.7 
MD 28—7.2 
MD 48—4.2 


Price 


$257 
215 
184 
179 


Model 
750 watt 
MD 6.3—120 
MD 12—62.5 
MD 28—26.8 
MD 48—15.7 


Price 


$523 
423 
336 
315 





100 watt 
MD 6.3—15.9 
MD 12—8.4 
MD 28—3.6 
MD 48—2.1 





400 watt 
MD 6.3—63.5 
MD 12—33.3 
MD 28—14.3 
MD 48—8.4 





1500 watt 
MD 6.3—239 
MD 12—125 
MD 28—53.6 
MD 48—31.3 
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battlefield commanders to learn instantly 
what is going on in enemy territory, was 
disclosed recently by the Army. 

The system consists of advanced 
ground and airborne equipment and an 
unmanned, jet-powered combat surveil- 
lance drone which sends back information 
while in flight. It will operate day or 
night, under all weather conditions, and 
will not be fooled by camouflage. Flying 
at low altitudes and at high speeds, the 
turbojet drone cannot be stopped easily 
by enemy action. It can remain over en- 
emy areas for extended periods, and may 
be recovered and reused. 

Designated the AN/USD-5, the system 
is being developed with the Army Signal 
Corps by Fairchild Engine and Airplane 
Corporation of Hagerstown, Md. 


Mach 20 Shock Tunnel 


An __ultrahigh-pressure, combustion- 
driven, Mach 20 shock tunnel is scheduled 
for completion in September at Repub- 
lic Aviation Corporation, Farmingdale, 
N. Y. The facility, believed to be one of 
only two in the United States utilizing 
pressures to 100,000 p.s.i., has been de- 
signed by and is being fabricated and 


erected on location by the FluiDyne 


Engineering Corporation, Minneapolis, 
Minn., prime contractor. 

The tunnel will test models of missile 
components and materials to further the 
study of aerodynamic and heat-transfer 
problems related to reentry and high- 


speed flight. 


Restartable Rocket Engine 


Bell Aerospace Corporation recently 
overcame one of the major problems as- 
ventures—develop- 


sociated with space 


ment of a rocket engine that can be 
turned off and on at will to control th 
position and direction of space craft. 

3ell 8081 engine, it is 


an advanced version of the model used in 


Designated the 


the current Discoverer satellite vehicles 

Restart capability would make it pos 
sible for a satellite in orbit to reuse its 
final-stage engine for return to earth or 
to change its orbit and also to employ the 
engine for controlled landings. 


Vantage-Point Radar 

A new portable radar system which is 
designed to look far behind enemy lines 
and provide photographic plots of battle 
information has been developed for Army 
combat troops. The system will sweep 
enemy-held territory in a 25-mile semi- 


circle and by periodic photo plots help 
determine whether enemy buildup or at- 
tack is impending or a withdrawal is in 


progress. It will also detect deployment 
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and patterns of movement and provide 
widespread and accurate detection of en- 
emy movement. 

The vantage-point radar works on the 








SHIP’S INERTIAL NAVIGATION SYSTEM 
(sins) — A complex of precision gyros, 
accelerometers, integrators . . . continu- 
ously measuring position, heading, pitch- 
and-roll, drift, speed, earth’s rotation. 

Gyro-compass — The Mark 19, a 
highly accurate directional reference for 
ship navigation and automatic steering 
system, and a precise vertical reference 
for fire control and target surveillance. 
The Mark 23, smaller, rugged, reliable, 
undetectable and unjammable as is the 
Mark 19, and like it designed for thou- 
sands of hours of operation as both a 
directional and North-seeking compass. 
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.aboard the Triton... 


oh 


navigation and control 
equipment by 


STABILIZED PERISCOPE SEXTANT, able 
to take fixes through periscope and cal- 
culate the exact altitude of moon, sun or 
stars...then to compute the angle of 
sighting to provide for a pinpoint “fix” 
anywhere in the world. 


AUTOMATIC COURSE AND DEPTH 
KEEPING CONTROLS, for holding an 
undeviating course, at any unvarying 
depth, for long periods of time. 
STEERING AND DIVING INSTRUMEN- 
TATION—Provides a readout panel for 
automatic steering system and dials for 
making fine adjustments to it. 


cPtR 


¥ 


SHIP’S DEPTH DETECTOR, senses depth 
of the ship and displays information on 
the indicator. 


This is the Sperry equipment which was 
aboard the USS TRITON when she made 
history by completing the world’s first 
underwater circumnavigation of the 
globe in 84 days, covering 41,500 miles. 


The accuracy and dependability of this 
submarine equipment is typical of all 
Sperry navigational aids whether de- 
signed for Naval surface vessels, luxury 
superliners or small work boats. General 
offices: Great Neck, N. Y. 
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Environmental 
conditioning 


for 
missile 
guidance 
systems 


AiResearch Gyro Conditioners 
for the U.S. Army Sergeant missile 
are the most complete and efficient 
systems of their type. 

The 8 lb. package, consisting of 
heat exchanger, heater, thermal 
switches and three fans, maintains 
a hermetic atmosphere of 85°F. to 
160°F. in an outside ambient tem- 
perature of —20°F. to 140°F. Even 
temperature levels throughout the 
electronic compartment are main- 
tained by an internal fan and low 
velocity air movement. 

AiResearch is the leading de- 
signer of such advanced electronic 
conditioning equipment and sys- 
tems, and this production unit is 
but one example of many produced 
for missile and ground support 
applications. 

When fast attention to your prob- 
lem, high reliability and small unit 
size and weight are important, con- 
tact AiResearch first. 

Environmental conditioning 
equipment has been produced for 
the following electronic systems: 
Detection - Communication 
¢ Control - Ground Support - 

Guidance 


Write for literature today. 


~3--~-- 


AiResearch Manufacturing Division 


Los Angeles 45, California 
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principle, which detects slight 
movements toward or away from the 
radar because of the change in frequency 
of the radio waves reflected from the mov- 
ing objects. The entire system, includ- 
ing antenna, weighs approximately 600 
pounds. The antenna is somewhat larger 
than those used by orthodox battlefield 
radars, allowing the use of a low-fre- 
quency scanning which has im- 
proved brush and foliage penetration. The 
system is officially designated as the 
AN/TPD-2. 


doppler 


signal 


New Regulus | Guidance 

The Navy has awarded a $3,500,000 
contract to Chance Vought Aircraft for 
installation of an electronic guidance sys- 
tem in Regulus I, the Navy’s surface-to- 
surface guided missile. The new system, 
which will supplement the missile’s radio- 
command control system, will give the 
weapon greater accuracy. 

The missile, which has been launched 
successfully nearly 1,000 times from sub- 
marines, surface ships, and land sites, will 
be converted at Navy bases using elec- 
tronic kits supplied by the company. 


Underwater Storage 

An experimental underwater storage 
system that would give the armed forces 
strategically located fuel and supply de- 
pots in any predetermined ocean area at 
comparatively low cost recently was in- 
stalled in the Gulf of Mexico. The ex- 
perimental underwater storage facility 
consists of a series of intercotnected ny- 
lon-reenforced rubber tanks which could 
be filled or emptied by tankers. 

Officials of many shore line municipali- 
ties also have expressed an interest in the 
underwater system for use in 
possible emergencies. In the event the 
tanks are used for storage of food, medi- 
cal supplies, or other products, entry 
would be made through airlocks. 


storage 


Polaris Trainer 

The first production model Polaris fire- 
control trainer has been delivered to the 
Navy by the General Electric Company. 
Designed to train crews aboard fleet bal- 
listic missile submarines, the electronic 
device permits simulated 
launchings of the intermediate-range Po- 
laris missile. The computerlike trainer 
can be connected to the fire-control sys- 
tem of the submarine, allowing its attack 
party to practice complete launching op- 
erations on the same equipment that 
would be used to fire an actual missile. 


submerged 


Army Research Reactor 


An agreement recently was signed be- 


tween the Army’s Diamond Ordnance 
Fuze Laboratories in Washington, D. C., 
and the General Dynamics Corporation, 
authorizing construction of a nuclear re- 


search reactor capable of providing short 
pulses of intense nuclear energy for the 
study of radiation effects on components 
of military equipment. 

The reactor, specifically designed to 
minimize the possibility of radiological 
hazard in operation, will be installed next 
year in the Forest Glen section of Wal- 
ter Reed Army Medical Center, Forest 
Glen, Md. The new reactor and its asso- 
ciated test facilities will be known as the 


Diamond Ordnance Radiation Facility. 


Ceramic Gyroscope 

The aerospace industry’s first ceramic 
gyroscope, said to represent a tenfold im- 
provement in gyro accuracy, has been de- 
veloped by the Aeronautical Division of 


Ceramic spin motor of new gyroscope. 


Minneapolis-Honeywell Regulator Com- 
pany. 

It is claimed that the combination of 
ceramics and gas bearings sharply re- 
duces the prime causes of gyro drift inac- 
curacies and results in a gyro with a the- 
oretical life approaching infinity. 
The ceramic bearings in the new gyro 
are lubricated by a film of gas only 25 
millionths of an inch thick. The film of 
gas, while virtually friction free, is under 
pressure that is stiffer than the steel bear- 
ings it replaces. At the same time vibra- 


span 


tion, or bearing noise, is decreased by a 
ratio of thirty to one. 


Titanium Rocket Case 


Aerojet-General Corporation recently 
made and successfully fired a full-scale 
rocket motor for the Air 
Minuteman missile using a case 
made entirely of lightweight titanium 


This is the first time titanium has ever 


third-stage 
Force 


been successfully demonstrated in a large 


rocket motor and is seen as a major 


break-through in  solid-propellant tech 
nology. The program was conducted un 
der an Air Force contract and is the cul- 
mination of years of effort in research 
and development by the various services 
The titanium case compensates for its 
extra cost by its light weight which pro 
vides significant range increases over stecl 
chambers. 
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MATERIALS PROGRESS 


George S. Brady 





Ceramics in Space.—Greatly increased 
stability and accuracy are attained by the 
use of ceramic in the spin motor, bear- 
ings, and gimbal of a new design of space- 
guidance “MIG” (miniature integrating 
gyroscope). Ball bearings have been elim- 
inated. The ceramic shafts of the spin 
motor serve as the bearings, riding on 
ceramic races and lubricated by a helium 
gas film 0.000025-inch thick. 

The gas is under pressure, making it 
stiffer than the steel balls it replaces, and 
vibration and bearing noise are stated to 
be decreased in a ratio of thirty to one. 
Tests of the unit at temperatures from 
minus 85 to plus 1,500 degrees Fahrenheit 
within 
0.000002-inch, and practically no wear has 


indicated dimensional _ stability 


appeared after thousands of test starts 
and stops. 

Flotation of the gimbal on a gas bear- 
ing gives a 99 per cent-plus gas suspen- 
sion, and reduces friction to near zero. 
The spin-motor stator is encapsulated with 
glass. The gyro parts are cast from alum- 
inum-oxide powder and fired to a “green” 
state for machining. The final firing at 
3,200 degrees Fahrenheit gives uniformly 
dense, extremely hard parts which are 
finish-ground with diamond compounds 
to a tolerance of 0.000003-inch. The MIG 
unit, as produced by Minneapolis-Honey- 
well Regulator Company, is 2.75 inches 
long, 2.812 inches in diameter, and weighs 
8 ounces. 

The nose cone of the Navy Sparrow III 
guided missile is also made of aluminum- 
ceramic. Company of 
America engineers point out that, in addi- 


oxide Aluminum 
tion to resistance to heat shock and high- 


speed erosion, the alumina ceramic is 
transparent to radar waves, and the waves 
are not distorted in passing from the elec- 


tronic guidance system. 


New Alloy.—Molding of ceramic elec- 
tronic parts at very high pressures and 
temperatures above 2,200 degrees Fahren- 
heit, particularly large parts of 30 or more 
square inches of surface area held in the 
mold for long cycle periods, has caused 
problems of erosion and rapid failure of 





Colonel Brady is a consulting engineer, 
author, and editor, Washington, D. C. He 
is @ well-known authority in the field of 
materials, and his “Materials Handbook” 
is a recognised source of information on 
the subject. 
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the molds. Gulten Industries, Inc., Me- 
tuchen, N. J., has been using an alloy of 
45 per cent nickel, 22 chromium, 9 mo- 
lybdenum, 0.15 carbon, and the balance 
iron (Hastelloy X of the Haynes Stellite 
Company). Molds of this alloy 
shown practically no deterioration after 


have 
seventy 4-hour cycles. 

Progress in Batteries.— Requirements 
for rockets and brought 
battery 


missiles have 


rapid advancement in electric 
power units in a relatively short time 
The dry-cell battery used during World 
War II was little different from the 
Gasner cell of 1888 on the Le- 
Clanche zinc-carbon-manganese oxide bat- 
tery of 1868. The first improvement after 
the war was to produce a uniform syn- 
thetic oxide that would give better shelf 
life, but this battery was good only for 
such as in 


based 


low-drain intermittent use 
flashlights, and gave poor performance in 
radios or for instrument motors. 

The first satellite launched in January 
1958—Explorer I—had a zinc-mercuric 
oxide battery. This battery gave the same 
energy as the LeClanche cell in one-third 
the space, and had the advantage of a flat 
voltage curve during discharge. But ac 
tion was poor at low temperatures and it 
needed a heater. The Tiros, launched in 
April of this year, used a solar-energy 
converter with a nickel-cadmium battery 
for storage and direct power use. The 
maximum energy of sixty watt-houfs per 
pound is about fourteen per cent less than 
that of the LeClanche cell, but it is good 
for low temperatures. 

3ut a rechargeable battery that must 
depend on an outside power source for 
long life was not a complete answer for 
electronic requirements. Further research 
has been taking a number of directions. 
A magnesium-manganese oxide cell de- 
veloped by the Army Signal Corps has a 
much higher maximum energy than the 
old LeClanche cell and operates at a 0.1- 
to 0.3-volt higher level. It also has a 
shelf life, but it has the same 
dropping-voltage curve in use. 

Another Signal Corps battery that looks 


longer 


promising, and which would free us from 
dependence on the “strategic” manganese 
dioxide, is the magnesium-organic cell. 
Not much information has been published 
on this new development, but it apparently 
can be made up in various ways. One 
Mg ‘Meg (cio, )./meta 

(Continued on p. 246) 


combination is 
dinitro benzene 





Environmental 
conditioning 


dela 


missile 


ground support 


systems 


AiResearch electronic cooling 
units for U.S. Army Hawk missile 
mobile ground radar equipment 
require only half the space origi- 
nally allotted. These lightweight 
production units, with a heat rejec- 
tion capacity of 10 KW, measure 
20” x 24” x 24”. 

A complete system package, the 
liquid-to-air unit includes an ac- 
cumulator, pump, heat exchanger, 
fan, switches and valves. 

Contact AiResearch early in 
your planning and design stage for 
greater reliability, smaller unit size 
and weight. AiResearch is the lead- 
ing designer and manufacturer of 
advanced electronic conditioning 
equipment and systems for missile 
and ground support applications. 

Environmental conditioning 
equipment has been produced for 
the following electronic systems: 
Detection - Communication 
+ Control - Ground Support - 

Guidance 


Write for literature today. 


~ > prmensene 


AiResearch Manufacturing Division 


Los Angeles 45, California 
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EXPLODING 
BRIDGEWIRE 
SYSTEM 


Unprecedented 
safety during the 
entire stockpile-to- 
target sequence 
characterizes 
Librascope’s a 
EBW System for “<s 
ordnance initiation. 


Aboard the vehicle, EBW’s virtual immunity 
to premature initiation makes it possible 
to eliminate elaborate safing mechanisms. 
Weight of multi-stage missiles and space 
vehicles can thus be significantly reduced. 


Of prime economic importance is the versa- 
tility of the Librascope EBW System. For one 
EBW flight firing unit will properly sequence 
and initiate all ordnance components in a 
complete missile system. 


Designed and developed by Librascope’s 
Sunnyvale Branch, the EBW System utilizes 
the energy produced by the 

exploding wire to directly ini- 

tiate an insensitive secondary 

explosive. EBW initiators of 

this type cannot be initiated 

by stray DC potentials or high- 

energy RF fields. 


Send for EBW Brochure to 
Librascope Sunnyvale Branch, 
670 Arques Ave., Sunnyvale, Calif. 


LIBRASCOPE DIVISION 
GENERAL PRECISION, INC. 
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Titanium Anodes.—Crucible Steel Com- 
pany, Pittsburgh, Pa., is offering titanium 
anodes plated with a thin coating (0.0001- 
inch) of platinum to replace consumable 
anodes of graphite or nonconsumable 
platinum anodes for such electrochemical 
processing as chlorine-caustic cells. The 
new anodes eliminate contamination of 
the cells which occurs with consumable 
anodes, and saves expense of the solid 
platinum anode. With graphite anodes 
there is a power loss as the anode wears 
down. 


Manganese Production.—In announcing 
a large increase in its electrolytic manga- 
nese capacity, Union Carbide Metals 
Company calls attention to the increasing 
use of high-purity manganese metal (99.9- 
plus per cent purity) in the making of 
high-temperature alloys, resistance alloys, 
stainless steels, and nonferrous alloys. 
The atomic and electronic industries are 
demanding steels and alloys of a purity 
and controlled composition far beyond 
anything called for a few years ago. 

The low-silicon and low-carbon con- 
tents of the electrolytic manganese metal 
also have made it a requirement in the 
production of deep-drawing and other 
special steels of closely controlled specifi- 
cations. Since electrolytic manganese can 
be made from low-grade ores, the increas- 
ing demand for the higher-cost grade 
should be a spur to further development 
of our plentiful domestic low-grade man- 
ganese ore resources. 


Furane Pipe.—Use of the highly chemi- 
cal resistant furane plastics until recently 
has been largely limited to coating for 
chemical equipment and for acidproof 
masonry cements because of the dark 
color and previous high cost. But now, 
Cornelius A. Rauh & Associates, Akron, 
Ohio, is producing 7 sizes of furane pipe 
for carrying hot acids, alkalies, and cor- 
rosive liquids at temperatures to 300 de- 
gress Fahrenheit and pressures to 150 
pounds per square inch. 

The material used is furfural alcohol 
resin (Durez 16470 of the Hooker Chemi- 
cal Company). The pipe is strong, dimen- 
stable, does not sag in long 
lengths, and the low coefficient of friction 
gives a twenty per cent greater flow rate 
than steel pipe. It can be steam sterilized, 
and is suitable also for outdoor use. The 


sionally 


pipe, called Eonite, is produced by ex- 
truding one thickness, applying an angu- 
lar wrapping of woven borosilicate glass 
fabric, and then extruding an outer coat- 
ing of the resin. 


Black Glass.—Corning Glass Works, 
Corning, N. Y., has developed a black 
glass for use in enclosing light-sensitive 
electronic components. The glass retains 
the physical properties of standard clear 


glass, but will filter out the ultraviolet 
and near-infrared wave lengths as well as 
the visible light. Composition of the glass 
is not given, but specification by composi- 
tion is a dubious way of ordering glass 
today, anyway, since glass making has 
become a highly specialized technical art 
with tens of thousands of possible com- 
binations, and best results can be obtained 
by specifying the requirements of the job. 


Nylon in Lubrication System.—A new 
automatic lubrication system for metering 
and delivering the right amount of lubri- 
cant under constant pressure automati- 
cally to all points in an automobile or 
truck uses nylon for the translucent lubri- 
cant reservoir, the molded manifolds, 
meter holders, plugs and sleeve fittings, 
and for all the tubing. The plastic used is 
Nylon 6, produced by the Spencer Chemi- 
cal Company. Nylon 6 is made from 
caprolactum, (CH:);NH°C:O, and has a 
single 6-carbon ring. It has light weight 
(specific gravity 1.14), is heat and chemi- 
cal resistant, and is strong and tough 
with a tensile strength of 11,700 pounds 
per square inch and an elongation of 70 
per cent. 


Wire Filters——Porous metal filters with 
higher strengths and greater modulus of 
elasticity than ordinary porous metal fil- 
ters made by powder metallurgy are be- 
ing produced by the Bendix Corporation, 
located at Madison Heights, Mich., in 
the forms of cylinders, cones, and other 
geometrical shapes. They are made from 
single or stranded wires wound in layers 
and welded at the contact points by fur- 
nace sintering. Any diameter up to 40 
inches can be made, and pore sizes are 
from 10 to 50 microns. Metals are se- 
lected to suit the corrosion conditions. 


Pure Iron Powder.—A very pure grade 
of iron powder produced by the Alan 
Wood Steel Company under the name of 
H-iron is made by the hydrogen reduc- 
tion of magnetite, FesO,, iron ore. Re- 
duction is carried out at high pressure 
with a temperature below 1,000 degrees 
Fahrenheit to prevent sintering of the iron 
particles. The powder is pyrophoric as it 
comes from the reducer. To make it non- 
pyrophoric it is heated in a nonoxidiz- 
ing atmosphere. 


Polypropylene Resin —Enjay Company, 
New York, N. Y., is now in production 
on three viscosity grades of polypropylene 
resin for high-speed precision molding. 
The plastic, called Escon, has a density 
of 0.902, melting point of 335 degrees 
Fahrenheit, yield strength of 4,700 pounds 
per square inch, elongation of 15 per cent, 
Rockwell hardness of R85, and dielectric 
strength of 660 volts per mil. This ap- 
pears to be the first time that this new 
type of resin has been put into continu- 
ous-process production in this country. 
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Arming America's Pentomic Army. Global commitments... daily readiness 

. combat capability by the hour. These shape the needs of our new Pentomic Army. 
Its ordnance must match the coiled-spring readiness of this flexible striking force. 
Avco’s Crosley Division is working with the Army to develop a variety of such new and 


sophisticated ordnance. These activities cover a broad portion of the ordnance spec- 


UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS .. 


trum and include arming and fuzing, ballistics, projectiles, microminiaturized elec- 


tronic assemblies, and many others. A Vo ; 


AVCO CORPORATION, 768O THIRD AVENUE, NEW YORK 7, NEW YORK 
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Lightweight Equipment.—As Maj. Gen. 
F. W. von Mellenthin pointed out in 
ORDNANCE (July-August 1960), modern 
weapons are quite able to pierce the 
strongest and thickest armor, so that ac- 
cent in the future will be more on light- 
ness, firepower, and mobility than on 
armor. This puts aluminum in a much 
more forward position than ever before. 

Nine tons of aluminum were used in 
the construction of the Army Larc-15, 
the new amphibious lighter with higher 
speeds on both land and water than any 
previous amphibian. Built by the Borg- 
Warner Corporation, Kalamazoo Divi- 
sion, it has a carrying capacity of fifteen 
tons, opening at one end to form a load- 
ing ramp for vehicles. Aluminum alloys 
5083 and 5086 (high magnesium) were 
used for the sheet, plate, and extrusions. 


Aluminum Boats.—Aluminum alloy 
5086, with up to 4.5 per cent magnesium 
and 0.70 manganese, also is being used 
widely in marine construction since 
stronger welds can be made than in the 
heat-treatable alloys. A “boat fever” has 
recently struck the American public, and 
it is estimated that more than seven mil- 
lion families now ‘have boats. More than 
a third of these boats are of aluminum, 
and about half the engines are all-alumi- 
num, 

Usually, civilian products profit most 
from military research and development, 
but the reverse may be true of boats. A 
number of exotic designs made for sports- 
men and for special purposes have fea- 
tures that might be readily adapted for 
military uses, both for speed and for abil- 
ity to skim over mud and grass in shallow 
waters. However, most Navy vessels now 
use aluminum in superstructures and 
equipment. 


New Mine Cars.—In the 17-ton mine 
cars built by the Watt Car & Wheel 
Company, Barnesville, Ohio, for service 
in West Virginia coal mines, aluminum 
alloy 6061-T6 was used. This alloy has 
1.2 per cent magnesium and 0.80 silicon, 
with smaller amounts of copper, manga- 
nese, zinc, titanium, and chromium. It has 
a high yield strength, 35,000 pounds per 
square inch. It is more adapted to riveting 
than to welding, but the cars were satis- 
factorily tack-welded. For attachment of 
the trucks and draft gear, aluminized 
steel carriage bolts were used. 

A thirty-five per cent saving in weight 
was made in the cars, and ten per cent 
more loaded cars are added to a train 
without increasing gross train weight. But 
the most notable saving has been in main- 
tenance costs. There is no corrosion, and 
dumping is easy, while the rust and cor- 
rosion which build up on steel cars in the 
damp underground operation have to be 
chipped out frequently. 
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Aluminum Rails and Chain.—Two mil 
lion pounds of aluminum will be used in 
the thirty-five miles of guard rails and 
posts along the Belt Parkway and Van 
Wyck Expressway on Long Island. The 
New York State Highway Department 
engineers state that tests have indicated 
that the aluminum, without painting, is 
unaffected by the seashore air which is 
highly corrosive to steel and that the new 
rails will eliminate the “dangerous and 
costly job of maintenance on busy super- 
highways.” About 35,000 feet of 8-foot 
aluminum chain fence will also be used 
on these two roads. 

For service where a metal chain is 
needed that will keep free of corrosion 
and is nonsparking and nonmagnetic, 
Bison Aluminum Chain Company, Buf- 
falo, N. Y., is now producing a strong 
seamless and weldless cast-aluminum chain 
in six sizes from %- to l-inch cross- 
section diameter. The alloy used has a 
tensile strength of 40,000 pounds per 
square inch. 


New Powdered Metals.—Under a Navy 
contract the National Research Corpora- 
tion is conducting research into the pro 
duction of superfine powders of the high- 
melting metals, such as molybdenum, tan- 
talum, and columbium. The company al- 
ready has been successful in producing 
powders with particles of only a millionth 
of an inch in diameter. These fine powders 
produce alloys and sintered parts of su- 
perior physical properties, and they are 
also wanted for use in suspensions, in 
plastics, and for producing superhard and 
heat-resistant intermetallic compounds. 


New Crystal Growth Method.—With a 
new vapor-growth method of growing 
semiconductor crystals of germanium or 
silicon, sponsored by the Army Signal 
Corps, it is expected that a much lower- 
cost production can be worked out, and 
that, since the process is by molecular 
layers, the “doping” can be done simul- 
taneously to give a controlled amount of 
the doping metal throughout the crystal. 
Under present methods, the doping metal 
is largely concentrated at the surface of 
the semiconductor crystal. Information so 
far given out is that the method is essen- 
tially by means of the disassociation of 
an iodide in a vacuum. 


Titanium Cladding.—Titanium Metal 
Corporation of America has developed a 
“do-it-yourself” method of welding titan- 
ium to steel to produce duplex metal for 
tanks and processing vessels for the chem- 
ical and foodstuffs industries. Vanadium, 
which is compatible with both steel and 
titanium, is used as the junction metal. 
For spot or seam welding, thin vanadium 
foil is used between the steel and the 
titanium. In some cases, plugs of vana- 
dium are inserted in drilled holes in the 
steel, and fusion welded. 
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Alpha provides positive systems project execution 


Alpha’s Project Executive deals directly with the customer and has complete authority, responsibility, and accountability for the timely 
execution of the project. This unique organization structure provides complete coordination of systems management and engineering 
within the assigned project division. It provides your executive and Alpha management with quick, direct access to the facts on project 


Status and performance. 
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NASA “Little Joe 
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Consistently successful flight 

performance in Project Mercury 
confirms unsurpassed reliability 
of THIOKOL solid rocket motors. 


Time after time, NASA’s workhorse, Little 
Joe, has soared into space, checking out 
the workability of materials, propulsion and 
escape systems, and reaction of research 
animals to the environment of space flight. 
Pollux, Recruit, Castor —solid rocket mo- 
tors from THIOKOL’s Elkton and Redstone 
Divisions—have unfailingly provided the 
thrust and power for Little Joe in its devel- 
opmental flights. 
THIOKOL’s record of propulsion reliability 
in the spatial program is long and brilliant, 
reaching back to the X-17 which flew suc- 
ny a? of ade Little Joe has carried this research and de- 
cessfully in 96% of its launches, and to welegmient cogeuie end seseareh anteanie 
earlier research vehicles. to varying altitudes to obtain engineering 
In NASA’s Little Joe series, THIOKOL and medical data prior to launching man 
booster motors in various configurations a a eietan eonan cee, 
have developed up to 250,000 Ibs. thrust, used in these missions are virtually off. 


today’s ICBM class. Smaller THIOKOL rock- the-shelf items and are available to other 


ets have been used to free escape capsule ee 


from booster. 


Vhto fe Chemical Corporation 
® BRISTOL, PENNA. 
Plants in: 
TRENTON, N.J.; MOSS POINT, MISS.; DENVILLE, N. J.; ELKTON, MD.; HUNTSVILLE, ALA.; 


MARSHALL, TEXAS; BRIGHAM CITY, UTAH. 
. 


Registered trademark of the Thiokol Chemical Corporation 
for its liquid polymers, rocket propellants, plasticizers, and other chemical products. 


Ys 


NY 


September-October 1960 
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An effective Army must have split-second, exact combat intelligence. 
Republic's Missile Systems Division is working on one means of fulfilling 
this need for the U. S. Army with the AN/USD-4 Swallow system: a 
completely integrated ground-airborne information-gathering system. 


The SD-4 system includes an all-weather, jet-powered surveillance 
drone, mobile ground command and information stations, and asso- 
ciated ground support equipment. The drone will be field-launched and 
employs any of a number of surveillance sensors. This high-performance 
unit will permit the field army commander to extend his view beyond 
the horizon to gain up-to-the-minute information. Its mission completed, 
the SD-4 will return, be recovered and readied for a new mission. 


The airborne-ground SD-4 Swallow system was designed and is being 
developed by Republic's Missile Systems Division under contract to the 
U. S. Army Signal Corps. 


REPUB Ee AVIATIONV > 


MMISS4& SYSVEMS MIvisriay 


MINEOLA, LONG ISLAND, N.Y. 
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ARMAMENT ELECTRONICS 


W. H. Van Vliet 





Space Power—The National Aero- 
nautics and Space Administration will 
negotiate a contract with Thompson 
Ramo Woolridge Inc. for development 
of a 3-kilowatt solar-mechanical 
auxiliary power system which will weigh 
700 pounds and operate for one year. 

Called Sunflower, the system will use 
a collapsible, petal-type paraboloid reflec- 
tor to collect the sun’s rays and focus 
them on a boiler. The heat will vaporize 
mercury in the boiler to drive a turbo- 
generator. The mercury vapor is con- 
densed and reused. The system will in- 
clude a thermal storage unit to provide 
heat for the system while the vehicle is in 
the earth’s shadow. 


space 


Underwater Communications.—The 
Navy is sponsoring study by several com- 
panies in underwater communications. The 
technique would permit Polaris submarines 
and other submersibles to communicate 
with each other and with aircraft. One 
method, secure submarine communications 
(Sesco), is a system of voice-modulating 
sonar. Sesco is an outgrowth of the Navy’s 
older Gertrude system. 


New Van Allen Belt.—According to 
research being sponsored by the Office of 
Naval Research, California Institute of 
Technology scientists have almost con- 
clusively established the existence of a 
Van Allen type radiation belt 
Jupiter. The belt, many times stronger 
than the one around the earth, is believed 
to be about 200,000 miles above the plan- 
et’s surface and is approximately 400,000 
to 500,000 miles wide, in a 
parallel to the planet’s equator. 


around 


direction 


Air Defense Systems.—The Army Sig- 
nal Corps’ mobile “vest-pocket” electronic 
AN/MSQ-18, 
Hawk and 


been 


system, the 
which firing of 
Nike guided-missile 
deployed in several NATO countries in 


air defense 
coordinates 
batteries, has 





Lieutenant Colonel Van Vliet, U.S.A.F. 
Ret.), formerly director of armament 
electronics, Northeast Air Command, and 
formerly chief of the Operations Division, 
Air Force Ammunition Services, ts an 
electronics systems engineer in the Cali- 
fornia Division, Lockheed Aircraft Cor- 
poration, Burbank, Calif. 
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Hughes Aircraft 


enables an air- 


Produced by 
system 


Europe. 
Company, the 
defense commander at battalion level to 
control and coordinate missile batteries 
even though they may be strategically 
dispersed over a wide area 

In the system, the battalion commander 
is given information on the tactical situa- 
tion within his area by means of display 
console equipment in a mobile operations 
central. The system can coordinate four 
or more Nike or Hawk batteries against 
enemy aircraft attempting to enter a field 
army’s zone of defense. 

The system is operational on a 24-hour 
basis in any weather and is miniaturized 
to fit into standard 2%-ton Army trucks, 
making it operational wherever these ve- 
hicles can be driven. To provide a larger 
air-defense system, the vest pocket system 
can be linked together to form a Missile 
Monitor. Several Missile Monitors may in 
turn be linked to provide over-all theater 
coverage. 


5-kilo- 


been 


Thermoelectric Generator.—A 
watt thermoelectric generator has 
developed for the Navy by Westinghouse 
Electric Corporation. The generator, larg- 
est of its kind, is made up of two 2,500- 
watt subgenerators, burns kerosene, and 
operates at 1,200 degrees Fahrenheit. The 
only moving parts are pumps for cooling 
water and fuel. 

Airborne Computer.—An airborne 
computer system, designed to give Navy 
fighter and attack aircraft submarine de- 
tection capability, is under development 
by Douglas Aircraft Company. The sys- 
tem is compatible with Julie sonobuoy 
units which are dropped from aircraft to 
pinpoint a submarine’s position once its 
general locale is known. The computer 
system, Julie automatic sonic data ana- 
lyzer (JASDA), will be carried in ex- 
ternal pods to receive and interpret infor- 
Julie 
currently is 


mation from the sonobuoys. A 


similar system being pro- 


duced by Grumman Aircraft Engineering 


Corporation 


Earth Communications.—A new con 
cept for weapon-system communication is 
being studied by Boeing Airplane Com 
pany under a Rome Air 
Center contract. The technique is based on 
the transmission of earth currents—sub- 


Development 


surface electromagnetic waves—for com- 
munications between control points. Space 
Electronics Corporation is contributing 
under the same contract and has already 
done considerable experimental work in 
this field. 

High-Frequency Transistors.— Wright 
Air Development Division has sponsored 
the development of high-frequency silicon 
transistors, capable of withstanding 100- 
collector current with a 
rating of 1,500 watts. A 


ampere unit, rated at 150 watts, has been 


ampere power 


smaller 10- 


operated at 10 megacycles with 109 watts’ 
output at better than 50 per cent effi- 
ciency. The transistors were developed by 
Pacific Semiconductors, Inc 
Three-Dimensional Plotter.—-A new 
plotter, which can make three-dimensional 
graphs of aircraft and missile flight paths, 
has been developed by Chrysler Corpora- 
tion. When 


analog computer, the plotter can almost 


coupled to radar and an 
instantly record and present a picture of 
a vehicle’s flight path The plotter is @x 
pected to undergo a period of testing and 
evaluation at White Sands Missile Test 
Range, N. Mex 


BMEWS.—The first Ballistic Missile 
Early Warning System (BMEWS) in- 
stallation, located in Greenland, is ex- 
pected to be operational this fall. The 
Greenland BMEWS site will be capable 
of giving SAC bombers and missiles at 
least fifteen minutes’ warning in the ad- 
vent of a ballistic-missile attack. Two 
more BMEWS in Alaska 
and Britain, are scheduled for completion 
in 1961 


installations, 


Solar Communications System.—The 
Air Force is backing development of an 
optical space communications system 
which will make use of the sun’s radiant 
Called a 


(Socom), the device is under de 


energy. solar communications 
system 
ystems, 


velopment by Electro-Optical 


Inc. Advantages of optical wave lengths 
are long-range transmission and security 
resulting from the narrow beams of op- 
tical radiation. Additional advantages, the 
company says, are reduced weight, lower 
required power, superior reliability, and 
the high signal-to-noise ratios possible in 


space 
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The “GOERS” | 





Ploughs through mud. Hip-deep mud couldn't stop this 5,000-gallon tank unit. 


Swimming a lake. 15-ton cargo carrier with 4-wheel drive crosses small lake. 


This mark tells you a product is made of modern, dependable Steel. 
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that go anywhere 
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built stronger and 8'/ tons lighter 
with (iss) “T-1” and MAN-TEN Steels 


Here is a new type of off-road transport vehicle capable of delivering military 
supplies where conventional U. S. Army trucks couldn’t go. Two GOER proto- 
types—a 15-ton cargo carrier and a 5,000-gallon fuel tanker, fully loaded, 
climbed slopes, threaded their way through boulders, scaled a 30-inch vertical 
wall, snaked their way through hip-deep mud, skimmed over a sand trap and 
topped off the performance by swimming across an inland lake. 


The GOER was conceived by the Continental Army Command (CcONARC 
Armor Board based upon the Transportation Corps’ success with large diameter 
tires. It was designed and built by Le Tourneau-Westinghouse, Peoria, Illinois, 
earthmoving equipment manufacturer, under contract with the U. S. Army Ord- 
nance Tank-Automotive Command, Detroit Arsenal. To deliver the greatest 
possible loads with the least weight, extensive use was made of super-strength 
USS “‘T-1” Constructional Alloy Steel and USS Man-TEN High Strength Steel. 


In the cargo carrier, 3,500 pounds of USS ““T-1”’ Steel, which has a minimum 
yield strength of 100,000 psi, were used in structural beams and members of the 
rear body and in the case structure of the rear assist units. About 4,000 pounds of 
USS Man-TEN Steel provide strength and stiffness in the corrugated side sheets 
of the cargo unit. USS MANn-TEN has a minimum yield point of 50,000 psi. 


7a 


The tank trailer used about 1,500 more pounds of USS “*T-1”’ Steel, while the 
tractor unit was built stronger and lighter through the use of another 2,000 
pounds of ““T-1” Steel in the steering housing and final drive case. 


17,000 pounds of weight saved. According to Le Tourneau-Westinghouse, 
the use of these two steels—USS ““T-1”’ and MANn-TEN brands—saved 8!» tons 
of weight. The machines were tougher and stronger—hauled more load and 


could go practically anywhere. 


Design stresses. For static design loads (one G), the builder used allowable 
stresses that are about the same as used in bridge design . . . 50,000 psi for USS 
“T-1” Steel and 27,000 psi for USS Man-TEN Steel. For dynamic loads (three G) 
the maximum stresses were calculated at 90,000 psi for ““T-1’’ Steel and at 45,000 
psi for MAN-TEN Steel. These stresses approach the yield strength of the steels 
which is permissible for dynamic loading. 


For further information on any of these Special Steels, USS ““T-1,"”» MANn-TEN, 
Cor-TEN or TRI-TEN, write United States Steel, 525 William Penn Place, 


Pittsburgh 30, Pa. USS. “T-1," MAN-TEN, COR-TEN and TRI-TEN are registered trademarks 


United States Stee! Corporation—Pittsburgh 
Columbia-Geneva Stee!—San Francisce 

National Tube—Pittsburgh 

Tennessee Coal & iron—Fairfield, Alabama 

United States Stee! Supply—Stee! Service Centers 
United States Stee! Export Company 


United States Steel 





A Cc 
(A) Rolled steel armor can be flame-cut accurately to 42” tolerance. There is no need for sawing. Armor fabrication shown here is at Acetogen Fabri- 
cators, Inc., Chester, Pa. (B) Only “clean-up” grinding of rolled steel armor is needed after flame-cutting. (C) Jig-welding is easy with rolled steel armor. 


New U. S. Army M-60 tank uses USS Rolled Armor for hull bottom plates and numerous cover plates and access hatches. (U.S. Army photograph) 
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: (ss) Rolled Steel Armor Plate is economical and easier to fabricate 


Pound for pound it gives more all-around protection than any other metal 


USS Rolled Steel Armor Plate offers a combina- 
tion of hardness, toughness and soundness that 
assures maximum all-around protection against 
ballistic attack. What’s more, it can be fabricated 
readily and is economical to use. For these rea- 
sons, it has been widely adopted for tanks, per- 
sonnel vehicles, and all kinds of naval and 
amphibious craft. In the new U.S. Army M-60 
main battle tank, for instance, USS Rolled Steel 
Armor is used for the hull bottom plates and 
numerous other critical parts in conjunction with 
cast steel armor. 

Initial cost and ease of fabrication lower total cost. 


1. The cost per pound of rolled steel armor is 
considerably less than that of other materials, yet 


it provides highest strength with minimum bulk. 
2. Rolled steel armor can be flame-cut to !q” 
tolerance and is easier to fabricate than materials 
which have to be sawed and machined. 

3. Grinding is needed only to clean the edges. 

4. Only ordinary arc-welding equipment is needed 
to weld rolled steel armor either in the shop or 
in the field. 


If ballistic protection, lightweight design and 
economy in materials and fabrication are impor- 
tant to you, get in touch with our armor plate 
metallurgists who are ready to discuss in full 
detail the advantages of rolled steel armor plate. 
Write United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pennsylvania. 


USS is a registered trademark 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Stee! — San Francisco 
Tennessee Coal & iron — Fairfield, Alabama 
United States Steel Export Company 


United States Steel 


This mark tells you a product is made of modern, dependable Stee! BH 








MISSILES AND GROUND SUPPORT 


Alfred J. Zaehringer 


President, American Rocket Company, Wyandotte, Mich. 





Minuteman ICBM.—Rapid progress is 
the word on this solid-propellant ICBM. 
In May, the Air Force announced that 
firing successes on the Thiokol first stage 
had accelerated the entire program. Suc- 
cessful of the full-thrust, limited- 
burning-time engine had taken place from 


tests 


an operational-type underground silo 
launcher. Later, Aerojet-General Corpo- 
ration successfully fired a flight-weight 
second-stage engine of full-scale thrust 
and for full duration. 

Aerojet also has successfully tested a 
lightweight titanium third stage. The en- 
tire casing is made of titanium metal and 
lighter than a conventional 


steel casing. In June, Hercules Powder 


is one-third 


development of a 
lightweight third 
stage. The case is a combination of glass 
filament and resin giving tensile strengths 
of alloy 


magnesium 


Company announced 


plastic case for the 


steel at about the weight of 


Finally, in July, the Air Force awarded 
a Minuteman ICBM contract to Boeing. 
It involves only work connected with the 
hardened and dispersed concept in which 
the missiles will be placed in blast-re- 
sistant underground silos, ready for im- 
mediate “push-button” launching. The 
contract extends through December 31, 
1961. A mobile system is expected to be 
covered under contract. Sched- 
uled for operational use in mid-1962, the 
first wing of three squadrons will be de- 


another 


ployed in the area near Great Falls, Mont. 


Antimissiles.—The fifth and last of the 
early test models of the Army Nike-Zeus 
was successfully test fired over a ballistic 
White 


Both booster and sustainer are 


trajectory at Sands Proving 
Ground. 
designed to push the antimissile to hyper- 
sonic speeds in seconds. The Zeus was 
slant-launched at a 37.5-degree angle from 


the horizontal to reconfirm the missile’s 


the United States. 
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ability to withstand the destructive air 
friction of the earth’s dense atmosphere 
Future tests of the missile will be of its 
tactical configuration. 

Meanwhile, a massive Nike Zeus target- 
tracking radar was airlifted to Ascension 
Island in the South Atlantic. The 78-ton 
instrument was shipped in four sections 
via giant Air Force C-133 Cargomasters 
from Tulsa, Okla. The radar will be 
given environmental tests against IRBM 
and ICBM rockets launched from Cape 
Canaveral, Fla. 

Future installations of the radar will be 
tested at White Sands Missile Range, 
N. Mex. and Kwajalein Island in the 
South Pacific. It is from Kwajalein that 
Nike Zeus will be launched 
against incoming ballistic-missile targets. 
Information pertinent to detection of bal- 
listic missiles will be fed to the Ballistic 
Missile Radiation Analysis Center. 

Recently established at the University 
of Michigan, the center will collect and 
analyze data about radiation emitted by 
IRBM’s and ICBM’s as they blast off, 
thrust into space, and finally reenter the 


missiles 


atmosphere 

During its flight, the ballistic missile 
creates radiation over nearly the entire 
electromagnetic spectrum. It now be- 
comes a goal to detect these radiations 
and use them for defense. 


Rocket Sleds.—Three propulsion meth- 
ods for rocket sleds have recently been 
in the news. Aerojet-General has com- 
pleted design of a controllable liquid- 
propellant rocket engine of 50,000 to 150,- 
000 pounds’ thrust. The AJ10-115 will 
accelerate a 3,000-pound payload to over 
Mach 2 and have an acceleration rate of 
20 G's. Total starting weight is around 
nine tons, and includes the payload which 
may be pushed ahead in a separate sled or 
carried within a nose section joined to the 
engine’s power plant. 

In June, a 2%-ton monorail sled rock- 
eted along the Air Force Missile Devel- 
opment Center Track at Holloman AFB, 
N. Mex. Three Hercules Powder Nike 
boosters, each developing about 50,000 
pounds of thrust, pushed the 48-foot-long 
sled to 3.5 times the speed of sound—a 
velocity of 2,650 miles an hour. The sled 
covered 5.5 track miles in 15 seconds. 
Each Nike booster is 16 inches in diame- 
ter, over 10 feet long, and costs under 
$3,000. An impact into a pile of sand at 
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TRAILER AXLES 


18,000 and 20,000 Ibs STEERING AXLES 


1,500 to 9,000 Ibs 


POWER TAKEOFFS 
Flywheel, 

countershaft, 

and conven- 

tional types 


AXLE-TRANSMISSION 
UNITS 


agricultural and industrial 


Us ey ee 


i] 2 i 


Whatever your needs in power transmission equipment, 
chances are you can get it from Clark. 

Even more important, chances are a Clark unit now in 
standard production will do the job for you. 

For Clark’s Automotive Division, in its nearly 60 years of 
specialization in the power transmission field, has developed 
what is probably the broadest line of heavy-duty axles, trans- 
missions, and torque converters available today. 

The savings are obvious. Proven performance. Lower cost. 
And faster delivery. 

Write us for full details regarding any of the products shown. 


AIR SUSPENSIONS 
single, tandem, and spreads; 
up to 36,000 Ibs 


AGRICULTURAL UNITS 
transmissions, axles, PTO's 


TransVerter is o trademark of 


ss 14 A 4 CLARK EQUIPMENT COMPANY 
AUTOMOTIVE DIVISION 


EQUIPMENT Buchanan !2, Michigan 
September-October 1960 


PLANETARY AXLES 
over 50 models, drive and steer: 
6,500 to 120,000 Ibs 


’ AXLE HOUSINGS 
5,000 to 23,000 Ibs 


TRANSVERTERS 
torque converter-clutch- 
transmission packages 


TRANSMISSIONS 
50 to 1400 Ib-ft torque ratings 


TORQUE CONVERTERS 
9” to 28” diameters 


BOGIE DRIVES 
45,000 to 180,000 Ibs 
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“STRESS SKIN” Design 
speeds metal fabrication 


Falstrom Company, one of America’s leading metal fabricators, has been 
a pioneer in the development of the ‘‘stress skin’’ method of metal fab- 
rication. With this technique, the metal is formed in heavy tonnage power 
brakes, reducing to a minimum the number of pieces, welds and internal 
frame work. Greater internal space, better weight to strength ratio,easy- 
to-look-at radii and closer tolerances are the result. Employed by the 
Falstrom Company in all metals for such units as consoles, cabinets, 
chassis and fabrications of all kind. 


Write for free copy of Cost comparison 
and advantages of “Stress Skin” design. 


Custom Metal Fabricators for 90 years. 


FALSTROM COMPANY 


176 Falstrom Court - Passaic, N. J. PRescott 7-0013 
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Missiles and Support (Contd.) 





the end of the run was precalculated and 
was a part of a missile warhead fuzing 
system program. 

Another monorail sled at Holloman was 
powered by a cluster of three Grand Cen- 
tral Javelin rockets. This sled hit a speed 
of 2,688 miles an hour. A new braking 
method with fins opening directly into 
the windstream brought the sled to a halt 
59.4 seconds from start—or under three- 
fourths of the 35,000-foot-long captive 
test track. 


Pershing.—As of June 30th, the Army 
2-stage missile had been fired successfully 
five times. This was the first time in the 
history of the Atlantic Missile Range 
that a new research and development mis- 
sile achieved five successes on its first five 
flights. Moreover, the Army put the mis- 
sile through a midair zig-zag under pre- 
set conditions to test the missile structure 
and control systems under the severe 
stress imposed by changes in direction. 

The Army Ballistic Missile Agency, an 
element of the Army Ordnance Missile 
Command, is developing the solid-fueled 
Pershing as a replacement for the liquid- 
fueled Redstone already in the hands of 


troops. 


Apache.—In a final shot at the White 
Sands Missile Range, the New Mexico 
State University fired an Apache rocket, 
delivering a 35-pound payload, to an alti- 
tude of nearly 40 miles. Initial gross 
weight was 223 pounds. The rocket is 
104 inches long, has a diameter of 6.75 
inches and sells for under $1,500 in 


quantity 


Liquid Hydrogen Engines—Work on 
high-thrust liquid-hydrogen-fueled engines 
has been reported from two industrial 
groups. Aerojet-General Corporation re- 
ports successful firing of a pump-fed 
liquid hydrogen-liquid oxygen engine of 
approximately 200,000 pounds’ thrust. 
Some 17 engine firings of 150,000 pounds’ 
thrust have been conducted using a spe- 
cial hydrogen pump of high capacity and 
high pressure. 

The engine is cooled by the hydrogen 
circulating through its hollow tube struc- 
ture. Tests have consumed over a quarter 
of a million gallons of the cold, low- 
density liquid hydrogen since tests began 
in 1947. Meanwhile NASA is negotiating 
a contract with Rocketdyne for develop- 
ment of its J-2 engine of 200,000 pounds’ 
thrust. Development time is estimated at 
three years and cost at about $44 million 

The engine is to be used on upper 
stages of the Saturn rocket. A cluster of 
two of the engines in the second stage 
would increase the Saturn weight-lifting 
capacity by nearly fifty per cent. With a 
cluster of four new engines in the second 
stage, the weight-lifting capacity would 
go up nearly one hundred per cent. 
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What’s up...and where? 


Philco airborne radar 
for ALRI extends the 
vision of SAGE 


ALRI, the Airborne Long Range Input system 
of the U. S. Air Force, is the seaward extension 
of SAGE, the vast electronic network that warns 
of aircraft approaching the North American 
continent. Philco will develop, produce and 
modify the airborne height-finding radar as an 
ALRI team member under the system man 
ager, Burroughs Corporation. Philco was se 
lected for this vital work because of its long and 
extensive experience in the development and 
production of military airborne radar and its 
major contributions to radar technology. Here 
is further evidence of Philco’s leadership in 
advanced electronics . . . for reconnaissance, 
communications, weapon systems, space ex 
ploration and data processing. 


Government & Industrial Group, Philadelphia 44, Pennsylvania 


PHILCO 


== Famous for Quality the World Over 
Communicat ‘ 


ns and Weapons Division « mput 


Sierra Electror Division ¢ Western Development 





BENDIX REPORTS ON ITS - 
SUPPORT EXPERIENCE 


Bendix mobile computer-tester 
cuts B-58 flight control 
system checkout time from 

2 days to 90 minutes 


TETERBORO, N. J.— Helping to keep 
U. S. weapon systems mission-ready is 
this Bendix computer-on-wheels. It 
rolls right up to the flight line where, 
in 90 minutes, it runs through 750 
static and dynamic tests on the flight 
control system as installed on the 
USAF Convair B-58. By comparison, 
the previous procedure required two 
days’ work by three men just to make 
spot static tests. This automatic equip- 
ment, although designed for the B-58, 
can be modified to test any other 
weapon system. 





TETERBORO AND SOUTH BEND 


Whether your support equipment 
needs are commercial or military—air- 
borne or ground—you can count on 
proved Bendix experience in systems 
engineering and analysis, controls, air- 
craft and missile systems, computer 
functions, and field service to supply 
quick, efficient answers. 

Bendix Support Equipment-Teter- 
boro—brings over 40 years’ such expe- 
rience to the creation of electronic 
and electromechanical support equip- 
ment. Specific operating fields include: 


Den 
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Bendix test stand checks and calibrates fuel 
control equipment for jet engines 


SOUTH BEND, IND.—Bendix fuel control test stands re- 
produce operating conditions such as RPM, altitude, fuel 
flow, temperature and pressures required for critical 
testing and calibration of all propulsion control systems 

both systems now in use and planned for the future. 
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The reliability, versatility and ease of operation 
inherent in the Bendix test equipment springs from a 
position of knowledge and experience which is unique 
in the industry. Since the beginning of the aircraft era, 
Bendix has actively engaged in the design, development 
and production of fuel control equipment for all major 
engine manufacturers. Bendix test stands are now in 
use at military, airline and commercial installations 
around the world 


SUPPORT CAPABILITIES EXTEND ACROSS THE BOARD 


manual and automatic checkout 
equipment; adaption equipment; 
coordinated modules of both 
checkout and adaption as com- 
plete systems; training devices 
and simulators; and monitoring 
equipment. 

Bendix Support Equipment- 
South Bend—draws on its 35 years’ 
aviation and automotive expe- 
rience to produce hydraulic, pneu- 
matic, and mechanical support 
equipment. Its operating areas 


include: silo, above ground, and 
shipboard launchers; transporter 
systems and sub-system compo- 
nents; missile erection equip- 
ment; handling, hoisting, jacking, 
and lifting equipment; test equip- 
ment and complete test facilities ; 
and hydraulic and pneumatic pow- 
er generating and supply systems. 

Find out today how this vast 
array of proved systems experi- 
ence can help solve your specific 
support problems. 


SUPPORT QU 


TETERBORO, N. J. 


September-October 1960 
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SOUTH BEND, IND. 
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SPACE ARMAMENT 





Saturn Booster Tested 

A super rocket engine designed for the 
massive Saturn—the Nation’s first inter- 
planetary space vehicle—has been test 
fired successfully by the National Aero- 
nautics and Space Administration. Func- 
tioning perfectly, the Saturn booster gen- 
erated 1.3-million pounds of thrust, four 
times as much as America’s giant inter 
continental ballistic missiles. 

The giant rocket engine actually is a 
cluster of eight highly reliable liquid pro- 
pulsion units, linked to fire simultane- 
ously. Rated at 188,000 pounds of thrust 
each, the H-1 engines are produced by 
Rocketdyne Division of North American 
Aviation, Inc. 

Developed by the Marshall Space Flight 
Center of NASA, Saturn will make pos- 
sible manned flights to the moon and in- 
planets deep in 
booster and 


strumented probes of 
space. First flight of the 
dummy upper stages is scheduled for 1961. 

NASA also has selected Rocketdyne 
to develop a 200,000-pound-thrust liquid- 
hydrogen-fueled engine. Development will 
take about 3 years and cost some $44 
million. 

The engine may be used in clusters of 
two or four to power upper stages of ad- 
vanced configurations of Saturn. The en- 
gine will be the single-start type but can 
be modified readily to make it capable of 
multiple starts in flight. The use of liquid 
hydrogen as a fuel in upper-stage rockets 
allows’ significant increases in payload. 

The initial Saturn will be capable of 
boosting 25,000 pounds into a 300-mile 
earth orbit or sending 9,000 pounds on an 
interplanetary mission. Introduction of a 
new second-stage consisting of a cluster 
of 2 of the new engines would increase 
Saturn’s weight-lifting capacity by nearly 
50 per cent; with a cluster of 4 new en- 
gines in a new second stage, the weight- 
lifting capacity would go up nearly 100 


per cent. 


Largest Radio Telescope 

The Jodrell Bank radio telescope lo- 
cated near Manchester, England, is the 
largest instrument of its kind in the free 
world. Conceived by Dr. A. C. B. Lovell 
and designed and constructed by the en- 
gineering firm of H. C. Hubbard, it was 
financed jointly by the British Govern- 
ment and the Nuffield Foundation. It is 
located in an open field of the Jodrell 
3ank Station near Manchester in Ches- 
hire, England. 
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The huge dish has been used to track 
both U. S. and Soviet earth satellites and 
space probes, to chart radio signals giv- 
ing data on cosmic explosions, to observe 
the aurora, and to obtain information 
about the planets. 

The Jodrell Bank installation 
NASA under contract. It was the only 
tracking facility in the free world capable 
of tracking the 5-watt transmitter of Pio- 
neer V beyond about ten million miles. 
Jodrell Bank commanded the transmitter 
on and off and read out its scientific in- 
formation to a distance of more than 22 5 


assists 


million miles. 

The facility also participated in the re- 
cent transmission of radio signals between 
England and the United States by bounc- 
ing them off the moon 

The reflector bowl, 
steel plates, is 250-feet in diameter and 
radio antenna 
mounted on a 62-foot tower in its center. 
The bowl and cradle assembly, weighing 


made of welded 


focuses waves on an 


about 800 tons, are mounted on 2 steel 
lattice towers some 180 feet high and ro- 
tates vertically between them. 

All movements of the telescope are con- 
trolled by a single operator in the main 
control building and are 
electronically. An electronic panel can am- 
plify signals up to 30 million times. It is 
believed that the Jodrell telescope will 
be able to identify radio-wave sources one 
billion to two billion light years away. 


accomplished 


Space Research Gun 

A high-powered hydrogen gun that 
shoots meteorlike projectiles is one of the 
unique weapons with which scientists will 
launch their assault on outer space. The 
gun, now being built by Republic Avia- 
tion Corporation engineers, fires plastic 
projectiles twenty times faster than a 
caliber .45 bullet at different materials be- 
ing evaluated for space-ship use. Slam- 
ming into the materials, they simulate the 
effect of meteoroids striking the skin of a 
vehicle in outer space. Measurement and 
analysis of the impact is expected to lead 
to better design and material choice. In 
addition, sequence cameras will photo- 
graph the free flight of the projectile to 
facilitate detailed various 
flight phenomena. 

The gun operates when 
heated instantaneously by an electrical 
spark discharge to 15,000 degrees Fahren- 
heit in a special chamber, ruptures a 
metal diaphragm and forces the projectile 
down a shotgunlike barrel. It leaves the 


analyses of 


hydrogen, 


barrel at speeds up to about 26,000 miles 
an hour, finally striking the materia! be- 
ing tested. 


lon Space Engine 

The National Aeronautics and Space 
Administration has selected Hughes Air- 
craft Company to build an experimental 
ion engine. The development departs from 
conventional rocket engines in that there 
is no combustion. It works like this: 

An alkalai metal atom (cesium) stream 
passes through a hot tungsten electrode 
which pulls an electron away from the 
cesium atom, creating a 
charged ion. This ion stream is acceler- 
ated and focused by several more elec- 
trodes. Finally other electrons are mixed 
with the ion stream so that a neutrally 


positively 


charged beam emerges from the engine. 
No nozzle is needed. 

In the space of just a few inches, the 
ion stream develops a speed of more than 
100,000 miles an hour. The small labora- 
tory-type engine will develop only about 
one-hundredth of a pound of thrust. If 
test data prove the program feasible, later 
engines will be built to develop higher 
thrust levels. 

Ultimately, 
gines of this type to propel spacecraft on 
interplanetary missions after launching. 


scientists hope to use en- 


They would require a nuclear auxiliary 
power source such as Snap-8 now under 
development. 


Capsule Recovery Study 

The Air Force has awarded a contract 
to the Kaman Aircraft Corporation of 
Bloomfield, Conn., to study the feasibility 
of recovering space capsules by means of 
a “maple seed” type of deceleration sys- 
tem. Helicopterlike rotary wings are pro- 
posed to glide the vehicles 
slowly back to earth, simulating the way 
a maple seed spins as it “windmills” down 
from the tree when falling. 

The study involves both the develop- 
ment and test of the guided recovery de 
vice and its ultimate application to space 
capsules, nose large rocket 
boosters. The first phase of the work will 
involve the testing of the Kaman-devel- 
oped Rotochute from altitudes up to 50,- 
000 feet. The possibility and potential of 
using larger Rotochutes for the recovery 
of heavier payloads from extremely high 
altitudes at supersonic and hypersonic 
speeds will be investigated in the second 


slow and 


cones, and 


phase. 
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NEW ERA OF WESTERN DEFENSE 


Navy launches first Polaris 
missile from submerged sub 


Erupting from Atlantic waters off Cape Canaveral July 20, a slim white Polaris missile 
fired from the nuclear submarine U.S.S. George Washington launched a new era of 
defense. Arching skyward on a column of flame, the Polaris made its clear contribu- 
tion to the security of free nations before it shook off its last drops of brine. To further 
demonstrate the missile’s dependability, the Navy then launched a second Polaris from 
the nuclear sub. This was the climax of a remarkable 47-month race to develop the 
Navy’s Fleet Ballistic Missile Weapon System. Combined for the first time were a 
nuclear-powered submarine, hidden in ocean depths and able to cruise anywhere, 
unseen for months, and a powerful missile, so compact a single sub can carry 16 of 
them with nuclear warheads. The Polaris gives America a defense that cannot be over- 
whelmed by surprise attack, a defense that will work for peace by making aggression 
unthinkable. Lockheed is prime contractor and missile system manager for the Polaris 
missile. Aerojet-General Corporation is the subcontractor responsible for the missile’s 
rocket motor, General Electric Corporation for its guidance system, and Westinghouse 
Electric Corporation for the launch system. The U.S.S. George Washington was built 
by the Electric Boat Company. 
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SENSORS 


DOPPLERS 


Astro doppler 
Passive doppler 
Active doppler 


STAR TRACKER 


OPTICS INERTIAL PLATFORMS 


Star trackers Floated rate gyros 


Auto sextants Accelerometers 


Horizon scanner 
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TODAYS 


' DEMONSTRATED 
ACHIEVEMENTS 


SHAPE 
TOMORROW 3 





MICROWAVE 


INERTIAI 


INFRARED 


“~~, 


GENERAL PRECISION, INC. 


Experience and demonstrated achievement with sensing techniques and devices is one way 
to judge those who aid you in the fulfillment of your project requirements. General 
Precision’s Divisions provide sensors for Subroc, Polaris, Atlas and Talos; optical devices, 
star trackers, automatic sextants and self-contained doppler radar systems to many major 
military projects. @ Bringing tomorrow in view are General Precision’s engineers working 
on advanced sensor developments. Cryogenic inertial platforms, nuclear gyroscopes, wide 
angle sextants, discriminating star trackers, optical masers, infrared systems and passive GPL 
doppler systems. These projects with their technological advancements will help shape 


tomorrow. @ General Precision’s Divisions . . . GPL, Kearfott, Librascope and Link . . . KEARFOTT 
represent the combined capabilities of over 15,000 qualified personnel, occupying over 

2 million square feet of laboratory and production facilities. Write for the Facilities and LIBRASCOPE 
Capabilities Brochure. Learn how General Precision can help you solve your most chal- 

lenging system design and development problems. GENERAL PRECISION, INC., 92 Gold Street, LINK 

New York 38, N.Y. Affiliates and Licensees in Canada, France, Italy, Japan, U.K., W. Germany. 
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KOHLER 
ELECTRIC 
PLANTS 


Power for 
military 
applications 


SOLE SOURCE 
EMERGENCY 


Known everywhere for reliability 
. .. Air-cooled, sole source mod- 
els, portable or stationary, for 
mobile radar tracking, construc- 
tion . . . Emergency models for 
light and power, at Army, Navy, 
Air Force bases, missile test cen- 
ters ... Marine models for Coast 
Guard vessels, Navy torpedo re- 
trievers, tugs . Sizes to 115 
KW, gasoline and diesel. Write 

for illustrated folder H-37. 


MODEL 35R081, 
35 KW, 120/ 
208 volt AC, 
Liquid cooled. 
Remote start. 
Diesel. 








KOHLER CO. Established 1873 KOHLER, WIS 


KOHLER or KOHLER 


Modernizing 
experience 


FULLER BRUSH 


Will Design, 
Develop & Build 
Your Special Brushing Machinery 


We are able to start machine design by processing 
your product in our Application Laboratory. Such 
studies guide our Engineering Department in developing 
equipment to be produced in our own Machine Shop. 
Let our specialists help you with your modernization 





Also a preferred source of sub- 
contracting for airborne radar com- 
ponents, and missile components. 


MACHINE DIVISION of FULLER BRUSH 


ast Hartfor onn. 
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Reviews in this issue by: 





Loren E. BoLtinGER, aeronautical engineer, assistant professor, 


Ohio State University, Columbus, Ohio. 


Cor. Georce S. Brapy, consulting engineer, author, editor, Wash- 
ington, D. C. 


Dr. James B. Epson, senior assistant for missiles and space, 
Office, Assistant Chief of Staff, Army Intelligence, Washing- 
ton, D.C, 


STANLEY FALk, historian, Office, Chief of Military History, 
United States Army, Washington, D. C. 


May. Gen. Epwarp P. MECHLING, ordnance engineer, aircraft 
armament expert, Washington, D. C. 


Waterloo. By John Naylor. New York: Macmillan Com- 
pany. 208 pp. $4.50. 

8§o many books and articles have been published on the Battle 
of Waterloo that a new work at this time would seem useless 
could furnish information. But the 
author has succeeded in producing an intriguing volume by re- 
viewing the aspects of the famous “Hundred Days” to show that 
the attempt of Bonaparte to regain power was doomed from the 
start. 

Napoleon left France bled white and prostrate when he was 
exiled to Elba. When he returned, conscription was impossible, 
and the muskets that could be made quickly were atrociously 
poor. As the author shows, Napoleon’s army at Waterloo bore 
only a superficial resemblance to his former armies. His top 
general, Ney, was worn out and made blunder after blunder. 

In commenting on another general after Austerlitz, Napoleon 
had said: “Ordener is worn out. One has but a short time for 


unless it some additional 


war. I am good for another six years, and then I shall have to 
stop.” Exactly six years later he began the Russian campaign, 
and that was the beginning of his end. 

At Waterloo he had no new tricks, and his new army was no 
longer adequate for his old bloody, sledge-hammer tactics. If the 
battle had been fought six years earlier, it is likely that Welling 
ton, with his slow wit and love of ease, might have found a 
lesser place in history —Georce S. Brapy. 

Nuclear Flight. Edited by Lieut. Col. Kenneth F. Gantz. 

New York: Duell, Sloan & Pearce. 216 pp. $4. 

Thuis book is, in style and illustrations, like a series of Pen- 
tagon briefings. Smoothly, pleasantly, and without effort the 
reader achieves the feeling that he understands the program. 
Each chapter is a discussion of a major technical area by a 
competent specialist of the Air Force Nuclear Propulsion 
Project staff. 

Necessary conceptual background, nature of key 
areas, status of development, and outlook for future progress 
are presented for each area. Treatments of various types of 


problem 


propulsive and auxiliary power plants for air and space craft, 
of ground handling equipment, and of human factors are in- 
cluded. There is a chapter on “public hazards from nuclear air- 

craft.” 
The aircraft nuclear propulsion (ANP) program has been 
(Continued on p. 272) 
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$917-AC 


Prying saucer! 


AERONCA designs and produces 


precision antenna systems for advanced 
radar complexes 


Featuring new concepts in design and construction, Aeronca para- 
boloid antennas set new standards in precision . . . regardless of 
size. The principles and accuracy inherent in the 60-foot X-Band 
dish illustrated above are adaptable to antenna designs of virtually 
any size or shape. 
Aeronca antennas are lightweight high-strength rigid structures of 
honeycomb sandwich construction. Developed by integrated design- 
tool-produce capabilities, they are fabricated by advanced tech- 
niques that substantially reduce tooling requirements . . . simplify 
unit design . . . assure low-cost producibility. In addition, Aeronca 
antennas permit lighter support structures and mechanisms because 
they weigh 40% to 60% less than conventional designs. 

Whatever your antenna problems, Aeronca can 

supply ‘“‘packaged’”’ capabilities to meet your 


requirements and specifications. For details, 
write for BULLETIN AR-201. 


OrnICA Manufacturing Corporation 


1718 Germantown Road 

Middletown, Ohio 
Openings for creative R&D Engineers with Missile-Space experience. Write to O. E. 
Chandier, Mgr. Professional Employment. 


September-October 1960 


IN DIAMETERS UP TO 300’, 
Aeronca antennas provide unpar- 
alleled accuracy at frequencies of 
X-Band and higher. 


APS-94 ANTENNA SYSTEM in 
cluded complete design of antenna 
for airborne side-looking radar. 


8-58 BOM-NAV SYSTEM refiectors 
feature curvature tolerances of 
+ .005”. 








HEDGEHOPPING AT MACH f 
ockheed radar shows pilot 
ow to miss what he can’t see 


When a pilot hugs the deck traveling a mile every 
four seconds, his route is the world’s most dangerous 
obstacle course. Hills, bridges and other hazards can 
be in his lap before he has time to maneuver safely 
over them. He needs information well in advance, 
particularly in poor visibility or at night. 

And now he gets it—from Lockheed Electronics ter- 
rain avoidance radar. A compact display shows him 
obstacles, his position in relation to them, and the 
maneuvers necessary to avoid them—in time. 
Lockheed Electronics systems engineers have created 
in one group of modules the most versatile airborne 
radar in flight test today. Equally effective as a map- 


ping, bombing or navigational radar, this lightweight, 
transistorized unit is typical of the sophisticated 
equipments developed by Lockheed Electronics to 
help strengthen the nation’s defense. 


CAPABILITIES— MILITARY SYSTEMS/STAVID DIVISION 


RADAR SYSTEMS —search, bombing, navigation devices and 
displays, missile guidance and control, automatic detection 
and data processing 


COUNTERMEASURES —ECM, ECCM, active and passive 


UNDERSEA WEAPON CONTROL AND DETECTION —ASW, elec- 
tromagnetic detection, location and communication 


SIMULATION AND TRAINING DEVICES 


OPERATIONS ANALYSIS —offensive and defensive systems, 
war operations, undersea warfare, electronics in space 








MINDING THE FUTURE 


LOCKHEED ELECTRONICS 


COMPANY 


MILITARY SYSTEMS / STAVID DIVISION 
PLAINFIELD, NEW JERSEY 


OTHER LEC DIVISIONS: INFORMATION TECHNOLOGY @ ENGINEERING SERVICES @ AVIONICS AND INDUSTRIAL PRODUCTS 





Control Quenching to 
improve Heat Treating 


The NIAGARA Aero 
HEAT EXCHANGER 
transfers the heat from 
the quench bath to at- 
mospheric air. It never 
fails to remove the heat 
at the rate of input, giv- 
ing you real control of 
the quench bath temper- 
ature. You prevent flash- 
ing of oil quenches. You 
improve physical prop- 
erties, save loss of your 
product from rejections, 
get faster production, in- 
crease your heat treating capacity. 
Savings in piping, pumping and power as well 
as great savings in cooling water return the cost 
of the equipment to you in a short time. 


Write for Bulletin 120 and 132 


NIAGARA BLOWER COMPANY 


Dept. 0-8 , 405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities 





NORTHERN ORDNANCE 
INCORPORATED 


Subsidiary of 
NORTHERN PUMP 
Minneapolis 21 


Guided Missile 
Launching Systems 


Prime Supplier to 


BUREAU OF NAVAL WEAPONS 
DEPARTMENT OF THE NAVY 
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something of a “sleeper” in the last few years as far as public 
attention is concerned. Indeed, the most recent public notice has 
been focused on a modest by-product, the little “Snap” power 
source for space satellites. Events could in the next couple of 
years bring ANP into the spotlight. The alert Ordnanceman may 
well desire to “attend” this interesting Air Force presentation.— 
James B. Epson. 


The Life and Death of the Luftwaffe. By Werner Baum- 
bach. New York: Coward-McCann, Inc. 224 pp. $3.95. 


THIS excellent book by the German General of Bombers of 
World War II was published in German in 1949 and now ap- 
pears in English translation. The author recreates the atmos- 
phere of the prewar and wartime life and feelings of the Luft- 
waffe by copious use of personal and official correspondence and 
by his own candid observations. 

The reviewer, as one who participated in the air war against 
the Luftwaffe, can testify that good use was made in combat by 
the German resources available. Continuing shortages of im- 
portant raw materials, the lack of adequate planning for a long 
war, and a number of strategic mistakes in the German war 
effort enabled the Allies to overpower the Luftwaffe and reduce 
it to comparative impotency by the time of the Normandy in- 
vasions. 

The creation of an adequate German long-range bomber force 
to support the submarine effort probably would have denied 
the use of the United Kingdom as a base for the European in- 
vasion. Long-range escort fighters in greater numbers would 
have permitted increased effectiveness in the aerial Battle of 
sritain. The decision to continue production of essentially prewar 
models until it was too late hastened the decline of the Luft- 
waffe, and the decision to use the ME-262 jets as a bomber 
force rather than as defensive fighters allowed the Allied bomb- 
ers to inflict mortal damage on German war production. The 
decision to base the German air defenses primarily on flak rather 
than on adequate numbers of defensive fighters was apparently 
only one of Hitler’s many mistakes.—Epwarp P. MECHLING. 


Army Exploration in the American West, 1803-1863. By 
William H. Goetzmann. New Haven: Yale University 
Press. 509 pp. $6.50. 


THE role of the Topographical Engineers in exploring and 
opening the American West is the theme of this fascinating vol- 
ume. The book’s heroes are Army officers such as the glamour- 
ous and flamboyant John C. Fremont, first leader of the “great 
reconnaissance”; William H. “Bold” Emory, who resembled 
nothing more than a rough frontier cavalryman yet left his mark 
as scientist and explorer; James H. Simpson, whose study of 
New Mexican Indian civilizations was a major anthropological 
contribution; and Gouverneur Kemble Warren, a fighting geog- 
rapher as skilled at mapping and exploring as he was at closing 
with a determined foe. 

In the generation before the Civil War the Topographical 
Engineers were instrumental in providing the Army and the 
Nation as a whole with scientific knowledge of the American 
West. They made their contribution in road and railway surveys, 
geological and geographic studies, and botanical expeditions; in 
mineralogy, zoology, and paleontology; in tracing international 
boundaries, surveying harbors, and mapping watercourses; and 
by blending their military and scientific skills to provide a de- 
tailed and ordered knowledge of the American continent. 

Dr. Goetzmann, who teaches at Yale, has done a remarkable 
job in telling this story. He has uncovered many untouched 
sources and has traveled extensively throughout the area about 
which he writes. His book is good American history, good 
Western history, and good military history —STaNn.ey L. Fax. 

(Continued on p. 276) 
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He took the luck out 
of heads or tails 


This AMF engineer had a delicate 
problem: to accomplish the separa- 
tion of the expended stages of a 
multi-stage rocket. If separation 
occurs too soon, thrust in the nearly 
burned out stage may exceed the 
aerodynamic drag, the tail overtakes 
the head, and...boom. A million dol- 
lar collision and no insurance. 

His solution: An acceleration 
switch that turns the burned out 
stage loose at the right split second 
...a switch that makes rockets think 
for themselves. 

His switch is compact. It is de- 
signed to work in any missile at any 
range with any payload. It is ingen- 
iously simple in conception, design, 
and operation. A spring is attached 
to a free swinging hammer, the 
spring force acting to pull the ham- 
mer against the contact plate. At 
calibration the spring can be set to 
oppose any G from 1 to 100. When 
the missile is launched, the hammer 
is held back by the acceleration 
forces until the stage decays to the 
desired separation G. When the 
spring force overcomes the forces 
of acceleration, the hammer comes 
forward, strikes the contact plate, 
and the circuit required to make 
separation is closed automatically. 
No guesswork, no luck, no collision. 


Single Command Concept 


This simple solution to a tricky 
problem reflects the resourcefulness 
of AMF people. 

AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro- 
duction capabilities. Its purpose: To 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 
* Ground Support Equipment 
* Weapon Systems 
* Undersea Warfare 
* Radar 
* Automatic Handling & Processing 
¢ Range Instrumentation 
* Space Environment Equipment 
« Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP, 
AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 


In engineering and manufacturing AMF has ingenuity you can use... AMERICAN MACHINE & FOUNDRY COMPAN 





ALUMINUM IN THE AGE OF CHALLENGE — PART 2 


HOW KAISER ALUMINUM HELPS YOU 
OF MILITARY PROCUREMENT 


COMPLETE MARKETING AS- 
SISTANCE. Kaiser Aluminum offers 
market information and assistance to 
companies interested in diversifying 
into the defense market and to compa- 
nies already in defense work who are 
interested in other phases of the market. 


Through over 50 regional, district and 
branch sales offices across the nation, 
Kaiser Aluminum maintains constant 
contact with the defense industry and 
various military and civilian agencies 
ehgaged in military procurement and 
manufacture. Through these offices, and 
with the help of our specialized Defense 
Industry Sales Department, we can 
keep you advised on defense projects 
being planned, currently in develop- 
ment, or in production 


This means we can help you evaluate 
specific business opportunities and in- 
dustry trends in terms of your com- 
pany’s manufacturing and marketing 
goals. 


BID ASSISTANCE. As another cus 
tomer service, Kaiser Aluminum offers 


skilled assistance in bidding defense 
business. Through our field offices, we 
offer you information on current bid- 
ding and bid results on many projects. 


In addition, we can help you prepare 
defense bids by defining and describing 
items to be bid, by assisting with ma- 
terial take offs, and by recommending 
aluminum alloys and production meth- 
ods best suited to a profitable bid. 


TECHNICAL ASSISTANCE. Our 
experienced aluminum designers and 
product engineers are available to work 
with your engineers on any problem 
concerning aluminum design and fabri- 
cation. Often, their specialized knowl- 
edge of aluminum can be effective in 
arriving at an efficient and economical 
design solution. 

We also have available specialists in 
welding, machining, forging, casting, 
forming and other fabricating methods. 
When metal forming, joining or finish- 
ing problems arise, these technicians 
are available at no cost to you for con- 
sultation with your production and 
technical people. 


METALLURGICAL ASSISTANCE 
Kaiser Aluminum operates a complete 


metallurgical research establishment at 
Spokane, Washington, and maintains 
specialized research facilities in Cali- 
fornia, Louisiana, Illinois and Rhode 
Island. 


Our Department of Metallurgical Re- 
search conducts continuous research 
and testing resulting in new alloys, im- 
proved joining techniques and applica- 
tions of particular value to the defense 
industry. For example, this Department 
has been instrumental in the develop- 
ment of alloys suitable for armor plate, 
and has conducted extensive armor re- 
search at its ballistic firing range at 
Spokane. 

The Department of Metallurgical Re- 
search can help you solve a wide range 
of aluminum application and metallur- 
gical problems. 
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MEET THE SPECIAL REQUIREMENTS 
AND MANUFACTURE 


NATIONWIDE PRODUCTION FA- 
CILITIES. Kaiser Aluminum’s pro- 
duction facilities include 25 plants 
throughout the nation and abroad. 
These plants offer a completely inte- 
grated operation from the mining of 
bauxite to the final production of fin- 
ished mill products such as sheet, plate, 
forgings, extrusions, rod, bar and wire, 
pig and ingot, foil, electrical conductor 
and chemicals. 


At Ravenswood West Virginia, we oper- 
ate the most modern integrated sheet 
and plate mill in the world. Here is the 
industry’s largest plate stretcher—with 
a 30-million pound pull capacity. This 
giant stretcher makes possible the roll- 
ing and straightening of the heaviest 
wide plate manufactured. 


Other manufacturing facilities include 
sheet and plate mills at Trentwood, 
Washington; forging facilities at Erie, 
Pa.; matched 8,000-ton extrusion presses 
at Halethorpe, Maryland; and a com- 
plete rod, bar and wire mill at Newark, 
Ohio. 
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WE'RE IN BUSINESS TO SERVE 
YOU. Ail of the services and facilities 
mentioned here are at your disposal 
right now. Why not take advantage of 
our broad range of sales and technical 
experience today? Your phone call or 
letter will receive our immediate atten- 
tion. Contact your local Kaiser Alumi- 
num sales office listed in the classified 
pages of your phone book, or write 
Kaiser Aluminum & Chemical Sales, 
Inc., Kaiser Center, 300 Lakeside Drive, 
Oakland 12, California. 


FREE PORTFOLIO! “Aluminum in 
the Defense Industry” is a file folder 
full of information on the many uses of 
aluminum for military applications. It 
includes facts about the characteristics 
and properties of aluminum, important 
findings regarding welding alloys 5083 
and 5086 as used in missiles, ground 
support equipment, cryogenics and 
other military applications, plus book- 
lets covering Kaiser Aluminum mill 
products availabilities and designing 
with aluminum. For your free portfolio 
—mail the coupon now! 


KAISER ALUMINUM & 
CHEMICAL SALES, INC 

DEPT. DE-189, KAISER CENTER 
300 LAKESIDE DRIVE 
OAKLAND 12, CALIFORNIA 


Please send me your free portfolio, 
Aluminum in the Defense Industry. 
NAME 

ADDRESS 

CITY 


STATE 


Kaiser S— 
JO" ALUMINUM 
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Fundamentals of Gas Dynamics. Ed- 
ited by H. W. Emmons. Princeton: 
Princeton University Press. 749 pp. 


$20. 


THIS book is one of a series published 
under the general title of “High-Speed 
Aerodynamics and Jet Propulsion.” A 
thorough treatment is given in this vol- 
ume to those aspects of gas dynamics that 
are extremely vital to the aeronautical 
engineers concerned with problems of 
combustion and flight in the atmosphere 
and in near space. 

Men such as Tsien, Crocco, Kantro- 
witz, Von Karman, and others have writ- 
ten outstanding sections. The first portion 
contains the development of the necessary 
equations and a one-dimensional treat- 
ment of steady-state and nonsteady gas 
dynamics. Next comes the basic theory of 
gas-dynamic discontinuities and shock- 
wave interactions. 

Gas dynamics of combustion and deto- 
nation together with flow discontinuities 
with combustion are covered 
very well. Sections that follow are con 
cerned with the flow of rarefied gases. 
Slip flow and free molecule flow are cov- 


associated 


ered, together with the experimental re- 
sults obtained in the slip-flow and transi- 
tion regimes. 

The various volumes of the series are 
not for the extreme novice in the field 
Engineers and scientists engaged in the 
serious study of gas dynamics, both theo- 
retical and experimental, will find that 
“Fundamentals 
make a most valuable addition to their 
bookshelves.—Loren E. Bowrncer. 


of Gas Dynamics” will 


The Compact History of the United 
States Marine Corps. By Lieut. Col. 


and 
Hough, 
Hawthorn 


Philip N. Pierce, U.S.M.C., 
Lieut. Col. Frank O. 
U.S.M.C. New York: 
Books, Inc. 326 pp. $4.95. 


WHEN Capt. Charles Sigsbee burst 
out of his cabin and started groping his 
way toward the bridge after the tremen- 
dous explosion on the battleship MArtNe, 
a Marine private presented himself in the 
smoke-filled companionway and, clicking 
his heels together in a rigid salute, blurted 
out: “Sir, I beg to report that the cap- 
tain’s ship is sinking.” 

Just thirty years later, the Germans 
launched an all-out attack to break the 
Allied lines before the Americans could 
arrive in France in force. They shattered 
the British along the Somme, and they 
battered the French, driving them in dis- 
order toward the Marne. 

The 4th Marine Brigade moved up the 
Paris-Metz road through tangled columns 
of frightened refugees and exhausted 
French troops. A French general halted 
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the Marine officers, explaining that a 
general retreat was in progress, and or- 
dered them to withdraw their men. A 
Marine captain, Lloyd Williams, eyed the 
general in amazement. “Retreat, hell!” 
he exploded, “We just got here!” 

These are samples of the tales in this 
book that illustrate the alertness, disci- 
pline, and confidence which have charac- 
terized the Marines through the 185 years 
of the history of the Corps. In every war 
and “incident” since then the Marines 
have commanded the respect of Congress 
and the American people for these quali- 
ties. This volume is not a book on tactics 
or strategy. It is an interesting story of 
a branch of our defense organization that 
prides itself on keeping ready to meet any 


emergency.—GeEorGE S. Brapy. 


Small Arms of the World. By W. H. 
B. Smith and Joseph E. Smith. Har- 
risburg: Stackpole Company. 711 pp. 
$15. 

THIS standard work on military small 
arms of the world is now being presented 
in its sixth edition. The author of this 
basic volume through its first five edi- 
tions, W. H. B. Smith, died in the spring 
of 1959, and this edition has been revised 
by Joseph E. Smith, Office of the Chief 
of Ordnance, United States Army. 

With from recognized au- 
thorities both in and out of the govern- 
ment service, a very creditable and well- 
balanced revision has been produced. 

New material is based on releases by 
governments since the Korean war not 
available for the fifth revision—Epwarp 
P. MECHLING. 


assistance 


Defense. Air Vice Marshal E. J. Kings- 
ton-McCloughry. New York: Freder- 
ick A. Praeger, Inc. 272 pp. $6. 


IDEFENSE policy and strategy properly 
conceived and applied are the keys to 
free-world security. The author of “De- 
fense” reiterates this thought throughout 
his timely and valuable volume. He is 
convinced that the Russians have devel- 
oped policy and strategy—as well as fully 
effective politico-military control over 
their functional forces—that place the al- 
lied free-world nations at a critical dis- 
advantage. 

The Joint and Combined Chiefs of Staff 
committees were effective in World War 
II because they were supported by Roose- 
velt and Churchill. They are not adequate 
in the nuclear age. The certain devasta- 
tion of a total nuclear war has brought 
political leaders into a major role in de- 
termining defense policy and strategy. 
Effective understandings between free- 
world political leaders is a necessary 
prelude to establishing defense policy and 
strategy by each country. 

The major role of the United States in 
free-world defense is recognized by the 


author. The parallel problem of both the 
U. S. and the U. K. in establishing bal- 
anced forces in an economical manner, 
because of traditional 3-service separate 
interests, is reviewed. The necessity for 
policy and strategy on a national level 
rather than on the service level is clearly 
stated. 

The responsibility for making initial 
decisions in both total-war and small-war 
situations is discussed. The interservice 
and interallied command-control organiza- 
tion is shown to be the key to effective 
action in any type of war situation. 

The author urges the early completion 
of the reorganization of the U. K. defense 
ministry and field commands along the 
of the U. S. Department of De- 
fense—with joint-staff and unified com- 
mands. This excellent book by a distin- 
guished British officer is highly 
recommended to all who are interested in 
the big picture of free-world defense.— 
Epwarp P. MECHLING. 
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BOOKS RECEIVED 


Aerospace Dictionary. By Frank Gay- 
nor. New York: Philosophical Library, 
Inc. 260 pp. $6. 

Basic Carrier Telephony. By David Tal- 
ley. New York: John F. Rider Pub- 
lisher, Inc. 176 pp. $4.25. 

Basics of Gyroscopes. Vols. I and II. By 
Carl Machover. New York: John F. 
Rider Publisher, Inc. 112 and 120 pp. 
$3.30 each. 

Civil Air Regulations for Mechanics. 
Compiled by publisher. Los Angeles: 
Aero Publishers, Inc. 152 pp. $4.50. 

Controlled Rectifier Manual. First edi- 
tion. Edited by Semiconductor Prod- 
ucts Department, General Electric 
Company. New York and Liverpool: 
General Electric Company. 255 pp. 
NP. 

Fundamentals of Rocket Propulsion. By 
Raymond E. Wiech, Jr., and Robert 
F. Strauss. New York: Reinhold Pub- 
lishing Corporation. 135 pp. $5.50 

Fundamentals of Transistor Physics. By 
Irving Gottlieb. New York: John F 
Rider Publisher, Inc. 152 pp. $3.90. 

International Symposium on _ Stress 
Wave Propagation in Materials. Ed- 
ited by Norman Davids. New York: 
Interscience Publishers. 337 pp. $10. 

Radio Control for Model Builders. By 
William Winter. New York: John F. 
Rider Publisher, Inc. 228 pp. $4.25. 

Reactor Handbook (second edition). Vol. 
I, Materials. Edited by D. R. Tipton, 
Jr. New York: Interscience Publish- 
ers. 1,207 pp. $36.50. 

Treatise on Gyrostatics and Rotational 
Motion. By Andrew Gray. New York: 
Dover Publications, Inc. 530 pp. $2.75. 

Zener Diode Handbook. El Segundo, 
Calif.: International Rectifier Corpora- 
tion. 100 pp. $2. 
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CREATIVE ELECTRONICS FOR DEFENSE 





Revolutionary RCA Magnetic Video Tape Recorder to 
Speed Navigation Training of Submariners 


Aboard the nuclear submarine Sea Dragon, the first 
undersea magnetic video tape recorder will record 
and store data on under-the-ice characteristics from 
externally installed TV cameras. Upon return to 
base the recorded information will be displayed for 
the benefit of undersea service trainees. 


The RCA undersea recorder is a marvel of compact 
design (dimensions 20” x 20” x 100”). It nestles in 
a torpedo rack, and represents a 60% space reduc- 


tion over existing video tape equipment. 


Among the exclusive RCA developments are: the 
now famous “Tiros” satellite recorder; a radar sys- 
tem designed to take the first pictures of a nose cone 
re-entry vehicle; a unique tape cartridge completely 
adaptable to any size recorder. For literature de- 
scribing new RCA defense and commercial products 
developments, write Defense Electronic Products, 
Radio Corporation of America, Camden, N. J. 


Out of today’s defense needs.,.tomorrow’'s electronic advances 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
® 





In Germany, checking a proposed radar site for masking 
objects, preparatory to installation. 





a >a fee 


Instructing Marine Corps personnel 
in portable microwave communica- 
tions equipment, AN/TRC-27. 


Delivering AN/CPS-9 weather 
radar parts for the Department of 
Meteorology, New Delhi, India. 


Now in their 18th year of technical assistance to 


Raytheon field engineers, in over 100 


work on installation, instruction and maintenance of 





On-the-spot training in the field on part of the Hawk 
missile system. 


About to board a B-47, this Raytheon field engineer 
provides technical assistance on electronic countermeas- 


ures equipment. 


(U.S. Navy photo) 
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On Midway, Navy technicians receive instructions on adjustment 
of airborne navigational equipment. 


the Armed Services and government agencies, 


locations in the United States and overseas, 


RAYTHEON COMPANY, WALTHAM, MASS. 


electronic equipment. 


EXCELLENCE IN ELECTRONICS 
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IN THE AIR...ON THE GROUND...HERE'S HOW 


WESTERN GEAR 


SERVES THE AEROSPACE INDUSTRY 
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LINEAR CONTROL SURFACE 
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NOZZLES AND THRUST ANTENNA ELEVATION ORIVE 
COMPONENTS 






=. 


13 ona AZIMUTH ORIVE Ov BEARING ASSEMBLY 


Western Gear Precision Products like those shown might well be called the electro-mechanical brains and muscles of the 
space age. Western Gear supplies launcher drives, radar drives, control surface drives, servo mechanisms and super-precision 
assemblies to perform vital functions in everything from missiles to ground support equipment. In these areas, where there 
can be no substitute for absolute precision, there is no substitute for Western Gear experience—over 70 years of design and 
manufacturing experience. Moreover, Western Gear products must perform reliably under a range of exacting tests in the 
Western Gear Metrology Laboratory, acknowledged as one of the nation’s finest. To meet such rigid requirements as surface 
finishes to .027 microns, accuracies to ten-millionths of an inch and gear tooth 
tolerances to 5 seconds arc, inspections are conducted with such instruments as 
auto collimators, air micrometers, interference microscopes and microcaters. d 
For detailed information on products and capabilities, write Western Gear 

Corporation, Precision Products Division, P.O. Box 192, Lynwood, California. PRECISION PRODUCTS DIVISION 


WESTERN GEAR CORPORATION 


Giant bell of blast 
urnace stack is pre- 
heated to 400°F prior to 
Mahon hard surfacing 
for renewed life. 


@ A hard-weld bead 
1s spiraled on to the 
working area of bell. 
‘New Surface’: 45-50 Rc 





ete be 7 


— 


MEN WHO KNOW FACILITIES, CAPACITY AND NEW TECHNIQUES... 


“fabrication by Mahon” 


Mahon's Steel-Weld Division constantly strives for better fabrication techniques—solidly developed 
out of long experience combined with broad-range facilities and wide-breadth capacity. Examp/e: 
new hard-coat (to 45-50 Rc) resurfacing of worn steel parts for extended useful life. The Mahon 
method involves special submerged-arc welding, vertical milling and finish grinding. It is as applicable 
to high-wear new parts as it is to reconditioning older pieces. Why not look into how Mahon ‘hard- 
surfacing’ can be profitably used in the products you make or the equipment you use? We suggest 
you write to Mr. J. W. Ault, Manager of Mahon’s Steel-Weld Division. 


THE R, C. MAHON COMPANY ° DETROIT 34, MICHIGAN Sa tapecting Omicas Detion, Cosengn, How York, San Francisco and Torrance 


MAH ON 
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Amcel: 


BRAINPOWER IN ACTION 
FOR ADVANCED SYSTEMS 


Amcel is People 


@ young dynamic group of missile and ordnance 
specialists with a fresh and highly practical approach to 
research problems. 


Amcel is Facilities 


perhaps the most complete research, development and 
pilot production facilities in the propellants and 
propulsion industry —a voluntary investment of the 
Celanese Corporation of America, and strongly backed 
by its polymer and organic research capabilities. 








Amcel is Performance 


o basic principle of Amcel is the concept of 
irreproachable quality—a level of performance 
above the specifications, clearly demonstrated in 
initial contracts. 


: AMCEL PROPULSION INC., ASHEVILLE, NORTH CAROLINA 
A SUBSIDIARY OF CELANESE CORPORATION OF AMERICA 


Engineers and Scientists interested in joining this creative technical team are invited to contact E. 0. Whitman, Box 3049, Asheville, N.C. 
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Send for 


these free 


Sheffield “BEST SELLERS” 


Air Gaging 
Precisionalre® Gaging 
Handbook, describes full 
Precisionaire instrument 
line; standard & special 
air gaging equipment. 48- 
pp. Catalog SPG-160. 


X-Ray 
Thickness Gages 
Describes broad applica- 
tions of Measuray® non- 
contact X-ray gages for 
MEASURAY metals, plastics, paper, 
etc.—materials in motion. 
16-pp. Catalog MY-1-60. 


Limit-type Gages 
Easy to use complete cat- 
alog on A. G. D. and spe- 
cial plugs, rings, snaps, 
thread checking — wealth 
of valuable information. 
40-pp. Catalog LTG-59. 


Multiform Grinder 


Presents features & speci- 


fications of Sheffield 
Model 181 Grinder with 
Crushtrue® wheel dresser. 
Shows examples of jobs. 
10-pp. Catalog FG-181-260. 


Ultrasonic 
Machining 
Sheffield-Cavitron Ma- 
chine Tools; specifica- 
tions, applications, tool- 
ing; illustrates principles 
and job applications. 
16-pp. Catalog CAV-759. 


Gage Laboratory 
Instruments 

Guide to planning a gage 
laboratory, plus facts on 
all Sheffield electronic in- 
struments, visual gages, 
etc. for the complete lab. 
20-pp. Catalog IN-1-57. 


Visual Gages 
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Our New Missile Strength 


More Air Force intercontinental weapons are becoming operational 


Col. W. D. Alexander, U.S.A.F. 


Assistant Deputy Commander for Facilities, Aw Force Ballistic 
Missile Division, Air Research and Development Command, Inglewood, Calif. 


IME is a priceless commodity, 

and even as enterprising Ameri- 

cans we have never been able to 
figure out how to make time or buy 
time. So we have done the next best 
thing—we have attempted to afford 
ourselves an added measure of time— 
productive, useful daylight time—by 
adjusting our working schedules each 
summer to a contrived modification of 
the traditional timetable. 

We have done much the same thing 
at the Air Force Ballistic Missile Di- 
vision. In the past six years, since it be- 
came clearly evident that the acceler- 
ated development of _ballistic-missile 
weapon systems was dictated by the 
demands of time and circumstance, 
we have been working to “beat the 
clock” in the research, test, production, 
and deployment of ballistic missiles. 
We have recognized, too, that saving 
time is of little consequence unless that 
time is used to good advantage. 


E are prone to dwell too much on 


Soviet achievements of the past 
few years. To be sure, their activities 
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and their intentions must be of serious 
concern to us, but we should not— 
through any forced or implied compari 
son—overlook the tremendous strides 
and the remarkable accomplishments 
made in the United States in the past 
half decade. 

For in that brief period we have de 
veloped new weapons for a new age, 
and in so doing we have fashioned both 
a broader foundation for deterrent 
strength and a formidable base for space 





CONTENTS 


ARMAMENT TECHNOLOGY 
SECTION 


Our New Missile Strength ... 285 
Col. W. D. Alexander, US.A.P 
More ICBM's operational 
Air Force Procurement 
Brig. Gen. Walter R. 
Graalman, US.A.F. 
The Air Force-Industry Team 
Aerospace Research 
Col. Carlo Tosti, 
Air research and development mission 
Soviet Metrology 
Khrushchev demands action 











operations. We have been able to do 
this because of three things: enlight- 
ened vision, unmatched resources, and 
unflagging determination—attributes 
which America possesses in abundance. 


IX years ago we had frighteningly 
little in the way of ballistic missiles 
or facilities. Today we have Thor in- 
termediate-range ballistic missiles opera- 
tionally deployed in the United King- 
dom. We have Atlas intercontinental 
ballistic missiles operational at Vanden- 
berg Air Force Base, Calif., and another 
Atlas squadron on alert at Warren Air 
Force Base, Wyo. Our second ICBM, 
the Titan, is progressing most satisfac- 
torily in its flight-test program, and our 
advanced solid-propellant ICBM, the 
Minuteman, is ready to graduate from 
preliminary limited-flight silo-launching 
tests at Edwards Air Force Base into 
full-scale tests from Cape Canaveral. 
The reliability and versatility of 
our ballistic missiles, particularly the 
Thor, have made the majority of 
United States space exploits possible. 
This reliability is well demonstrated by 
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Massive concrete doors open above underground storage and firing silo for ICBM. 


the fact that forty-one of the forty-nine 
Thors launched during 1959 performed 
perfectly. The versatility of this bird 
also has been indicated graphically in 
our major space achievements. During 
a recent 32-day period the Thor pro 
pelled three significant payloads—Pio- 
neer V, Tiros 1, and Transit 1-B—into 


space. 
The Atlas has been flight-tested, doth 
from the Cape and from Vandenberg, 


with gratifying success. We have 
achieved a degree of accuracy that 
could be called “sharpshooting.” And 
the growing reliability of this ICBM is 
illustrated by the 1959 record of nine- 
teen successes out of twenty-three 
launches, 

A period of temporary disappoint- 
ment in the testing of the 2-stage Titan 
ICBM has been more than offset by a 
record of 11 successful flights out of 13 
launches. We have flown the Titan 
across 5,000-mile ranges with excep- 
tional accuracy. Further, we have suc- 
cessfully demonstrated—not once, but 
several times—ignition at altitude of 
the second-stage 80,000-pound-thrust 
rocket engine. 


ULLY as remarkable as these re- 

sults that have been bred from tal 
ents and technologies are other tangible 
products which—though they never be- 
come airborne—are very much an inte- 
gral part of ballistic missile systems. 

These products are the extensive 
ground-support equipment, the launch- 
ing sites, and the wide variety of facili 
ties necessary to the effective deploy- 
ment, maintenance, and operation of 
our educated rockets. 
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A straight line is still the shortest dis- 
tance between two points. But today, 
with ballistic-missile velocities, the tra- 
jectory described by these missiles is the 
fastest distance between two surface 
points. Air Force ballistic missiles, de- 
signed to quit the atmosphere at fan- 
tastic speeds, to travel most of their dis- 
tances through the thin air of space, 
must begin at ground level. In fact, cer- 
tain of our Titan and Minuteman 
ICBM’s will begin their journeys from 
below ground level. 

In spite of all the interest accorded 
the ballistic-missile programs in recent 
years, there is a salient fact little real- 
ized or appreciated; namely, that four- 
fifths of a ballistic-missile weapon sys- 
tem is, like the iceberg, not readily ap- 
parent. Fully 80 per cent of the total 
missile system, and about 80 per cent 
of the cost, is vested in ground-support 
equipment, control and technical fa- 
cilities, and personnel. 

The progress to date in the construc- 
tion of bases and the installation of 
launch facilities could not have been 
possible if we had not adopted and ex- 
ercised the concept of concurrency in 
our development of ballistic-missile sys- 
tems. Rather than follow the traditional 
step-by-step development formula such 
as, for example, applied to the develop- 
ment of new aircraft, instead we have 
telescoped this normal pattern and 
moved forward with all aspects of the 
program concurrently. 

By taking the calculated risk—by as- 
suming that these new weapons would 
conform to design theory—we have 
made early operational deployment not 
only possible but practical. We have 





been able to proceed with base con- 
struction work while the missiles them- 
selves are in various stages of develop- 
ment and test. 

By early summer 1959, we had placed 
under contract for construction nearly 
$900 million to support the produc 
tion, test, training, and operational 
phases of the ballistic-missile program. 
Of this amount, approximately $115 
million has been contributed by the 
missile contractors for expansion of pro- 
duction facilities as an expression of 
their confidence in the program; $230 
million represents the Air Force in- 
vestment in production equipment and 
test facilities; and $550 million of mili- 
tary construction funds have gone into 
test, training, and operational bases. 

The Air Force share of the fiscal year 
1960 Defense Department construction 
budget is $776 million. Of this total, 
approximately two-thirds will be spent 
on construction of ballistic-missile and 
space-system bases. 


ie should be apparent that ballistic 

missiles, like airplanes, must have 
take-off points. To launch missiles into 
space, we must first move the earth—- 
and fashioning a base of operations for 
a modern ballistic missile is a complex 
and demanding job. 

A weapon’s environment must be 
tailored to complement the character- 
istics and requirements of that particu- 
lar weapon. The challenge implicit in 
this fact has never been greater than it 
is now. The advent of the ballistic mis- 
sile weapon system has imposed on the 
engineering and construction profes- 
sions—already noted for exceptional 
abilities—even greater demands for in- 
genuity and precision. 

A ballistic missile, built to be used 
just once, must have maximum relia- 
bility. This insistence upon reliability 
extends through every element of a bal- 
listic missile weapon system—its roots 
reach into the ground environment of 
the system itself. In the final analysis, 
the effectiveness of any ICBM will be 
traceable directly to the promptness of 
the people and the competency of the 
equipment making up this system. 

It was recognized at the outset that 
the installations aspects of our ballistic- 
missile programs could not be accom- 
plished within the allowable time span 
under the normal administrative organ- 
ization and procedures. In order to tie 
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the designer of the facilities as closely as 
possible to the developer of the missile, 
it was decided that the Air Force 
should directly manage the design work 
and, in fact, be responsible through the 
Air Force Ballistic Missile Division for 
accomplishing the initial operational 
capability of ballistic-missile weapon 
systems. Various firms have been 
awarded contracts for architect and en- 
gineering services. 


HEN the ballistic-missile develop- 

ment program began in 1954 
there were two companies engaged in 
preliminary equipment work for the 
Air Force according to the original At- 
las concept. Since then, the expansive 
ballistic-missile programs have grown 
to embrace 25 associate contractors, 
more than 200 subcontractors, and 
thousands of suppliers. A vast Govern- 
ment-science-industry team makes it the 
biggest development program in mili- 
tary history. 

Out of this program is emerging the 
“new look” of our Nation’s total de- 
fense structure, as missile bases begin 
to take shape across the country. We 
have programmed for thirteen Atlas 
and fourteen Titan squadrons, and 
work is in varying stages of progress 
toward the completion of these facilities 
at the earliest possible date. 


Just last April the site for the first 
three Minuteman squadrons, near 
Great Falls, Mont., was announced and 
construction contracts will be awarded 
in January 1961. 

It is highly significant that although 
we have compressed time and ex- 
panded technology in our concurrent 
development of ballistic-missile weapon 
systems we have not been prohibited 
from incorporating modifications and 
improvements in our deployment plans. 
This can be illustrated by outlining the 
progressive nature of our Atlas and Ti 
tan implacement specifications. 

At Warren AFB, and at the base 
near Omaha, our initial Atlas squad- 
rons will consist of missiles positioned 
above ground in the horizontal config 
uration. 

But at the second round of Atlas 
bases—Fairchild AFB in Washington, 
Forbes in Kansas, and Warren III, 
Wyo.—the missiles will be protected by 
dispersal and by hardening. By this I 
mean that the launching sites will be 
spaced a considerable distance apart, 
and will be sheltered in concrete and 
steel “bunkers” in their horizontal po 
sitions. 

The word, “hard,” as a measure of 
protection of missile-launch sites from 
enemy attack, is of course relative. The 
scale of hardness might conceivably 


run from “soft” for which no protec 
tion is provided to “superhard” which 
would indicate immediate launch ca- 
pability after experiencing a direct hit 
by the largest feasible nuclear bomb. 

these tWo ex 
tremes is a shall call 
the value of which is based on 


Somewhere between 
condition we 
“hard,” 
estimates of enemy missile potential, ac 
curacy of bomb delivery, size and num- 
ber of bombs, number and dispersion of 
our launch complexes, cost of launch 
construction, degree of launch automa 
tion, and hundreds of other items. 

For purposes of general discussion, 
hardness is usually expressed in terms 
of the pounds per square inch of air 
blast overpressure of the launch site 
and the energy yield of the nuclear de- 
vice in kilotons or megatons. Thus, as 
suming there is a surface burst of a 
weapon of prescribed yield, the air blast 
pressures will decrease with the dis- 
tance from the burst to the design over 
pressure for the base. 


HE implication is, therefore, that a 

base inside the circle of higher 
overpressures will fail and one outside 
will be safe. Obviously, no such de 
markation exists for there will always 
be uncertainties in both the environ- 
ment and the abilities of the base to 
withstand the environment. 


These twin tubes will be part of an underground network of ICBM launching sites now being built. 
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We have carried the concept of hard- 
ening to an advanced degree with the 
squadron to be built at Schilling AFB, 
Kans., and in all Atlas units beyond. 
There the missiles will be inserted into 
underground silos for full protection 
against anything short of a close hit by 
a nuclear warhead. Sheltered in these 
170-foot deep silos, the missiles can be 
fueled below ground and raised by ele- 
vator to the surface for immediate 
launch. 

In recent weeks we have also in- 
creased the number of Atlas missiles 
to be assigned to these silo-configured 
squadrons. Under this concept, the en- 
tire ballistic missile and its attendant 
equipment is supported by a steel crib 
hung by shock mounts from the walls 
of the silo. The launching sequence—a 
sequence to be continually practiced by 
Strategic Air Command crews in the 
critical days ahead—is well established 
and carefully timed: First, disengage 
the shock mounts, load the liquid oxy- 
gen aboard the missile, open the bas- 
cule-type doors at the top of the silo, 
raise the missile to the surface, and 
launch. 


ARDENING of Atlas launching 

facilities in this manner means that 
all these facilities are self-supporting 
(the missiles will use inertial guidance, 
eliminating the necessity for above- 
ground radio-controlled guidance equip- 
ment) and are designed to be operable 
after an enemy action. 

The Atlas silo configuration actually 
is an improvement in ICBM deploy- 
ment plans based on the underground 
environment originally planned for the 
Titan, The first six Titan squadrons 
are now all under construction, with 
the first squadron—at the base near 
Lowry AFB, Colo.—expected to be op- 
erational in mid-1o6r. 

These Titan squadrons are designed 
in the three-by-three pattern—that is, 
three launching sites of three launchers 
each, separated by an appreciable dis- 
tance but still making up an individual 
squadron. The three launchers are con- 
nected by a system of tunnels to a 
powerhouse control center and antennae 
for the radio guidance. Each launcher 
has two smaller auxiliary silos—one 
for the propellant loading system and 
one for support equipment. 

Here again, the missile is supported 
in a steel crib and shock-mounted. The 
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RPI fuel is stored aboard the Titan, 
with the LOX added once the count- 
down has begun. Elevators raise the 
missile to the surface for launching. 


OME of the statistics regarding the 

size and complexity of these Titan 
facilities are breath-taking. Each of the 9 
missile silos required for one Titan op- 
erational squadron has an inside diame- 
ter of 40 feet and is deep enough to en- 
close a 15-story building. Each squadron 
requires 90,000 cubic yards of concrete, 
or the equivalent of 350 miles of side- 
walk four feet wide, and 12,000 tons of 
reenforced steel equivalent to 5,000 
miles of %-inch diameter reenforced 
bar. 

Some 12,000 tons of piping are in- 
stalled in every squadron in addition to 
nearly 2 million pounds of stainless 
steel. There are 10,000 feet of tunnel, 
570 miles of electric wiring, and three 
underground powerhouses each of a 
size sufficient to serve a city of 5,000 
population, The mammoth steel doors 
separating the control silos from the 
missile silo weigh many tons apiece. 

Beginning with the seventh Titan 
squadron we shall incorporate another 
improvement designed to increase even 
further the survivability of our missiles. 
With these squadrons the Titan will be 
launched directly from the silo. The 
fuel and oxidizer will be stored aboard 
the missile—a development made pos- 
sible by a break-through in the develop- 
ment of storable propellants—and the 





“Fully 80 per cent of the 
total missile system, and about 
80 per cent of the cost, is 
vested in  ground-support 
equipment, control and tech- 
nical facilities, and personnel. 


“The progress to date in the 
construction of bases and the 
installation of launch facilities 
could not have been possible 
if we had not adopted and 
exercised the concept of con- 
currency in our development 
of ballistic missile systems. 


“Rather than follow the tra- 
ditional step-by-step develop- 
ment formula . we have 
telescoped this normal pattern 
and moved forward with all 
aspects of the program con- 
currently.” 





missile will use all-inertial guidance. 
The planned deployment is on what we 
call the unitary system; that is, each 
launcher will be dispersed from the 
others by several miles. 

The first in-silo configuration is now 
being built at Vandenberg AFB where 
the feasibility of this concept will actu- 
ally be tested. All Strategic Air Com- 
mand crew training exercises on Atlas 
and Titan missiles will be conducted 
at Vandenberg, our familiarization and 
check-out base as well as the first base 
to boast an operational capability. 

With Minuteman, to become opera 
tional during the summer of 1962, we 
plan to incorporate hardening, fast re- 
action, and mobility into our deploy- 
ment concepts. Minuteman is the in- 
tercontinental ballistic missile which 
reverses the historical trend toward pro- 
gressively more complex and 
costly weapons. A “compact-size,” 3- 
stage ICBM, it will be deployed not 
only in hard underground launch sites, 
but will be put aboard special-purpose 
railroad cars which can roam the Na- 
tion’s rail networks. Since the solid- 
propellant is a built-in feature of the 
Minuteman, launch capability will be 
measured in seconds. 

To date seven in-silo test launches 
have been conducted at Edwards AFB, 
using an operational-type silo and a 
full-size Minuteman model. We have 
demonstrated first-stage ignition and we 
are satisfied that, from a_ technical 
standpoint, all previous unknowns now 
have been resolved. 

Minuteman promises to combine the 
survivability—hardness, 


more 


elements of 
dispersal, fast reaction, and mobility— 
with another ingredient in our pre- 
scription for comprehensive deterrent 
strength. The ingredient is numbers. 
Because Minuteman is cheaper to build, 
to deploy, and to maintain, it is the 
ICBM which promises to afford our 
Air Force defense structure the in 
creased deterrence-in-depth attainable 
through numbers. 


HE significance of the clock in the 

extension of our defense capabilities 
should be stressed, for in fashioning a 
total military defense force second to 
none in the world, we have only one 
uncompromising objective—to sustain 
peace with justice. If we are successful 
we shall have indeed established a new 
kind of time—a world savings time. 
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Air Foree Procurement 


One of the principal ams of the Arr Force-Industry team vs to 


see that weapons systems are prod uced in the shortest possible 


time, with the most defense for the fewest taxpayers’ dollars 


HE Air Force has recognized 

since its inception that it is a 

full-fledged partner with indus- 
try. Without industry the Air Force 
would die and could not maintain any 
kind of a defense posture. On the other 
side of this spectrum, the Air Force has 
something to contribute in that it spends 
with industry in excess of $10,000,000,- 
ooo a year through its Matériel Com- 
mand. 

The Air Force is unique in its pro- 
curement function compared with the 
other services in that its sole procur- 
ing authority is the Air Matériel Com- 
mand. The Army has its technical serv- 
ices, all of which have procurement 
authority, and the Navy has its bureaus; 
but the only delegation for Air Force 
procurement is to the Air Matériel 
Command, and everything that the Air 
Force buys is done under the control, 
cognizance, and responsibility of this 
Command. 


HE Air Force has recognized for a 

long time that its logistic function 
has the primary mission of supporting 
our combat units and our combat com- 
mands. This is the sole mission of our 
supply, maintenance, and transportation 
organizations. It is the primary mission 
of the procurement organization. But 
the procurement organization is unique 
in that it has to serve two masters. It 
not only has the mission of supporting 
the Air Force in its endeavors but also 
responsibility to the taxpayers for the 
expenditure of their funds. 


September-October 1960 


Brig. Gen. W. R. Graalman, U.S.A.F. 





General Graalman is Deputy 
Director for Procurement, Di- 
rectorate of Procurement and 
Production, Air Matériel Com- 
mand, Wright-Patterson Air 
Force Base, Ohio. 





In this category we derive our direc- 
tion through Federal statutes, and these 
statutes are then interpreted by Armed 
Services Procurement Regulations and 
are consistently “massaged” by the Con- 
gress. 

It is between the objectives of doing 
the job according to the books and 
supporting our combat commands that 
the procurement man finds himself. He 
walks a pretty tight, thin line between 
these objectives, which sometimes are 
not compatible. If the pressure is ex- 
erted on the one hand because of cer- 
tain competitive endeavors, then per- 
haps he is inclined to lean away from 
that which his good judgment might 
dictate is best for the mission. 

Conversely, if the pressure comes 
from the combat command for a cer- 
tain item of equipment that is wanted 
immediately, he may lean away from 
what might be called a good buy in so 
far as the taxpayer’s dollar is concerned. 
If you don’t like being in the middle, 
you shouldn’t be in procurement. 

But within this framework, according 
to statute, there is only one way that the 
Government buys—and that is by nor- 
mal advertising. Essentially this means 
a completely inflexible buy at the low 


price without benefit of judgment. 
However, the framers of the law, in 
their wisdom, recognized that there 
were things you couldn’t formally ad- 
vertise, and, like the hearsay rule in 
law, it, too, has exceptions, And it’s 
within these exceptions that we in pro- 
curement do negotiation. 


[tee seems to be a popular opin- 
ion—perhaps even among some of 
our legislators, that advertising is the 
only competitive buy that the services 
make and that negotiation is an under- 
the-table sole-source operation. Nothing 
could be farther from the truth. As a 
matter of fact, those things that we buy 
“sole source” are the very rare excep- 
tions in this great land of free enter 
prise that we have today. Even a 
weapon system for which we must ne- 
gotiate is bought by competition. 

Any time we have a requirement for 
a new item, whether it be a missile or 
an aircraft or any of the other types of 
systems, communications and otherwise, 
we open it to competition, At this point 
in time the Air Force doesn’t know ex- 
actly what it wants. We think we know 
what we don’t want. So those people 
who are interested, or who feel that 
they have a capability, and all those 
that we feel might have a capability, 
are solicited for proposals. 

We ask for proposals as to design; 
the manner in which the development 
will be achieved; the parameters of the 
performance characteristics; some idea 
of what kind of a schedule can be 
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achieved; and an estimate of what it 
will cost. All these proposals as they 
come in (and they’re pretty expensive 
to prepare, we realize) are then given 
to a selection board. 

This board is composed of various 
senior officers and civilians of the Air 
Force who are experts in all the various 
fields of engineering, pricing, contract- 
ing, scheduling, production, or what 
have you. Out of this emerges their 
recommendation for a winner of the 
competition. Thereafter the Secretary of 
the Air Force makes the selection, and 
this bidder is the winner. This is the 
company, then, with which we nego- 
tiate a contract. 

SUALLY these contracts are in 

phases. In the climate that we 
have today with technological break- 
throughs and with the absolute man- 
date that we must faster and 
farther into the realm of the unknown, 
our initial contract effort is usually just 
that-—an effort—a phasing, a parame- 
ter, so that we can more clearly deter- 


move 


mine what it is we really want. 

Thereafter, we get into the matériel 
stage. We must then, necessarily, go 
back to the supplier. This is done 
through an Exception Nr. 14 of Public 
Law 413. The reason we must do this 
is because there is nobody at that point 
who can possibly achieve the time 
schedule, who can establish the tooling, 
er who can match the development 
know-how. 

How do we contract for these items? 
Obviously the normal, nice way to con 
tract is through an Invitation for Bid 
(IFB), getting quotes from a number 
of competitors, and letting the competi 
tion in itself determine a right price. 
But most of these types of buys the 
Air Force does not make. The Army 
and the Navy have been delegated as a 
sole-source responsibility for a lot of our 
off-the-shelf requirements. The General 
Services Administration, for instance, 
buys all our so-called housekeeping ma 
terials. The Navy buys all our petro- 
leum, The Army buys all our food- 
stuffs, textiles, clothing, etc. 

Air Force procurement is primarily 
the business of buying weapons systems 
and all those things necessary to support 
them. As these systems become more 
complex, our buying job becomes more 
and more difficult. 

We do have tools, however, that we 
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can utilize. We recognize that no con- 
tractor in the world could possibly 
make the investment for the facilities 
and tooling it would take to produce a 
major weapon system. He couldn’t even 
handle his payroll without an assist 
from the Government as he goes along. 

So we normally start out with what 
we call a cost-plus-fixed-fee contract. 
This is a contract in which the Gov- 
ernment assumes the risk. We used to 
say all the risk, but industry asked us: 
“Haven’t you heard of Section 15 of 
the ASPR? We have seen the listing 
of the unallowable costs we have in- 
curred that you won’t pay for.” So 
maybe I should say that the risk is 
minimal in a cost-plus-fixed-fee con- 
tract. 

In this area we try to determine be- 
tween us our best appraisal of what 
this particular work statement will cost. 
Having decided on this we then estab- 
lish a lump-sum dollar fee for that effort 
as profit to the corporation. This fee 
then remains constant, but the cost tar- 
get does not. Irrespective of how much 
that cost target is overrun, the Govern- 
ment will pick up the tab if they are 
allowable costs. Conversely, if the tar- 
get is underrun and we are budgeted 
for the target, then the taxpayer re- 
coups all the dollars as a result of that 
underrun, or the reduced cost as esti- 
mated. 

We don’t like this type of contract 
very well in the Air Force because we 
feel that it lacks the vital ingredient of 
incentive. If a contractor’s fee remains 
the same, irrespective of how much 
money he spends, the old monetary in- 
centive is not there. So about five or six 
years ago the Air Force devised a cost- 
plus-fixed-fee contract with an incentive 
provision to try to beat the target that 
we have mutually agreed on as to cost. 


S° we work out a sharing arrange- 


ment with the contractor. We'll 
say: “If this target we've agreed on is 
less when you get through, the savings 
we will share with you, and you can put 
those dollars in your pocket as addi- 
tional profit over and above the fixed 
fee that we have negotiated. Conversely, 
if you overrun that target, we will pe- 
nalize you for part of that money as 
against the fee that we have negotiated.” 
When a contractor gets a contract 
like this, there’s a hell of a prayer meet- 
ing back at the plant. And the per- 


centage which we will share with him 
is pretty much dependent upon him. 
How much risk does he want to bear— 
10, 20, or 30 per cent? It works both 
ways—if he wants 20 per cent of the 
risk, then he'll get twenty per cent of 
the savings. Conversely, if he goes over 
the target he'll bear twenty per cent of 
the overage. 

We have utilized this idea in this 
very difficult procurement because our 
buyers will buy an additional incre 
ment every year. We finally get to 
where we can utilize what we call a 
fixed-price incentive. Here we get a 
better and more definite estimation of 
costs and define the risk parameters. 
Then we will establish our sharing ar- 
rangement. 

In this type of contract, of course, 
the target fee is a little higher because 
the risk becomes a little greater. But, 
again, the contractor can assume greater 
and greater risks if he so desires. 


ISTORICALLY, as we moved into 

more and more research-and-de- 
velopment type contracts and more and 
more cost-plus type contracts, the con- 
tractors were besieging us with the fact 
that we were not allowing a high 
enough rate of profit. They pointed out 
that these types of contracts back in the 
old days were just a small percentage 
of their defense business, so 
they weren't too concerned. But produc- 
tion, as such, no longer exists. The Air 
Force is not buying many of anything 
anymore. The few items we do buy cost 
a lot more than the many used to cost, 
but most of the expense is wrapped up 
in development. 

We were faced with the fact that this 
type of contract was assuming more 
than fifty per cent of some contractors’ 
defense business. We conducted an ex- 
haustive survey, and we found that, by 
and large, our pattern of fees for cost- 
plus research and development contract- 
ing was a fair and reasonable return 
for the risks involved, and especially 
for the capital invested. The contractors 
were all looking at the percentage of 
profit on gross sales, which appears 
very small. But the true test of earnings 
is the amount earned on the capital in- 
vested. 

This was another reason why we felt 
that if the contractor wants to make 
more profit in his defense business we'll 
make it possible for him to do so. All 


over-all 
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he has to do is earn it—we won't hand 
it to him. 

Since we've been in this incentive- 
type business we have been criticized 
by many people who say this is a bad 
kind of contracting because, if the con- 
tractor underruns the target, the target 
was wrong; if he overruns the target, 
the target was still wrong, but it will 
accrue to the benefit of the Govern- 
ment. 

We have found that, by and large, 
when we were on the straight cost-plus- 
fixed-fee type contracting, about ninety 
per cent of our contracts were over- 
running their targets. Today, with the 
incentive approach, we are finding the 
converse—ninety per cent of our targets 
are being underrun. 


OES this mean that we are not tar- 

geting tight enough? I just can’t 
believe it. The people who are target- 
ing our incentive contracts today are 
the same contracting officers and the 
same buyers who were targeting our 
CPFF contracts five years ago. Are they 
any less adept at establishing a fair tar- 
get? Are they any less exhaustive in 
their analysis? Are they now abandon- 
ing, just because of the incentive provi- 
sions, the historical facts, the industry 
planning report, all the tools a good 
buyer used to determine what a thing 
should cost? Of course not—if any- 
thing they should be better than they 
were before. 

Therefore it is obvious that the in- 
centive approach works and that for 
every dollar that we put back into the 
contractor’s pocket for a stockholder 
we're putting five dollars of the tax- 
payers’ money to work somewhere else. 
Is this bad business? 

As an interesting aside, industry has 
embraced this incentive type of con- 
tracting. They said: “That’s all we 
wanted to know. Give us a chance to 
make more money, and we'll show you 
how we can do it.” But they are also 
saying, “Your boys are getting too 
rough in negotiating the target, and it 
takes a hell of an incentive to break 
even.” 

I don’t know about this, but I do 
know that through underruns we have 
been able to save the taxpayers a lot of 
dollars. 

In addition to the problem that the 
Air Force has in contracting with in- 
dustry, and our sincere efforts to try to 
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“The Army and Navy have 
been delegated as sole-source 
responsibility for a lot of our 
off-the-shelf requirements . .'. 
Air Force procurement is pri- 
marily the business of buying 
weapons systems and all those 
things necessary to support 
them. As these systems become 
more complex, our buying job 
becomes more and more dif- 
ficult, 

“We do have tools, 
ever, that we can utilize. We 
recognize that no contractor 
in the world could possibly 
make the investment for the 
facilities and tooling it would 
take to produce a major 
weapon system... 


how- 


“So we normally start out 
with what we call a cost-plus- 
fixed-fee contract.” 





arrive at some mutual agreement, there 
is still another problem that we have 
tried to make known. This is in the 
area of subcontracting. Today, with 
our weapon systems approach, we find 
that the Air Force is no longer spend 
ing its $11,000,000,000 annually for 
procurement. Over fifty per cent of 
those dollars are not being spent by us 
but by our prime and first-tier subcon- 
tractors. They're doing the big buying 
job and not doing it very well. 

We learn through many surveys, both 
within the Air Force and by some of 
our friends on the outside, that indus- 
try was really devoting about ninety 
per cent of its management efforts, its 
ingenuity and its production, to the in- 
house operation of a corporation. Less 
than ten per cent of the total effort 
went into its purchasing organization. 

As a matter of fact we found that 
the purchasing organization was sub- 
servient to production, or engineering, 
or the comptroller. The purchasing 
agent couldn’t go directly to the boss. 
The people he was subservient to were 
not interested in procurement per se; 
they were interested in delivery and 
quality and couldn’t care less about the 
price. 

A lot of the taxpayers’ money was, 
and is, going down the drain because of 
the lack of attention to the details of 
purchasing and the lack of a realization 
that this is a tremendously important 
function within a corporation. It de- 


serves the best minds that the corpora- 
tion has. 

We also look for schedule adherence. 
We look for quality, and we must have 
it. But we don’t want to pay a price 
that’s higher than the cost plus a rea 
sonable profit. Industry generally didn’t 
seem to recognize this as a very basic 
philosophy. We found some industries 
that did, but by and large the subcon 
tracting effort, between $200,000 and 
$4 million, just was not getting the 
proper treatment. No one analyzed the 
costs and what they should be, and 
very few of our major primes went so 
far as to look to see what the profits 
were that the subcontractor earned on 
the former buys. 

Industry today has to embrace a 
fiduciary relationship. If it is spending 
this much of the taxpayers’ dollars, it 
has to get out of the caveat area and 
move into the public-trust area. Unless 
it does so of its own volition, Congress 
is liable to pass some compelling legis 
lation. 

One thing that industry must do for 
our country and the Defense Depart- 
ment is to give as much defense as pos- 
sible for every dollar expended. It does 
not mean that the Air Force doesn’t pay 
reasonable profits; it just means that we 
buy at the right price. 

In conclusion, I think that the one 
big thing that needs to be realized con 
tinually by both Government and in- 
dustry is that we are an absolute team. 
Neither of us can live very well with- 
out the other. What makes this realiza- 
tion difficult is our lack of communica- 
tion. It is strange that we have satellites 
orbiting around the earth at this very 
minute, and we talk to them, but we 
don’t talk to the fellow in the next 
office. 

If industry has a problem with us or 
with any of the services it should be 
brought up and discussed. Neither of 
us may be satisfied with the results, but 
just getting it out on top of the table 
and hearing the other side’s viewpoint 
usually makes a fellow feel that he is 
getting a square deal. 


WE must communicate vertically 
and laterally all the time. If we 
could achieve this, I think we will have 
gone a long, long way toward giving 
ourselves a better defense—and doing it 
for less money, which is so very neces- 
sary in these trying times. 
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Aerospace Research 


The mission of the Air Research and Development Command is to ensure 


qualitative superiority of aeronautical equipment, seek new bas« 


knowledge, and develop improved devices and systems for air warfare 


HE last half century of the 

world’s history is one of marked 

growth for aircraft speeds—a 
pattern which is typical of many others 
over the same period. Beginning with 
the 40 miles an hour of the Wright 
brothers’ airplane in 1903, major high- 
lights along the way were the cracking 
of the sound barrier in October 1947 
by Captain Yeager flying the X-1; the 
X-1A attaining 1,650 m.p.h. on Decem- 
ber 12, 1953; and 2,060 m.p.h. being 
reached with the X-2 flown by Capt. 
Mel Apt on September 27, 1956. 

Now in the early stages of flight test 
is the X-15, which is designed to fly at 
speeds beyond 4,000 miles an hour. 
On August 4, 1960, the X-15 established 
a neve speed record of 2,150 miles an 
hour and on August 12th set an altitude 
record of 136,500 feet. 

Nor is this the end of the line, since 
we now visualize a near-orbital manned 
vehicle in the Dyna-Soar with a speed 
of about 15,000 m.p.h. 


T" 1IS same rate of progress applies to 
other technical fields and to the So 
viets as well as to us. As a result, we 
are engaged today in a technological 
war of time, and our capability to 
maintain a superior military force and 
a positive deterrent to nuclear attack 
depends upon our determination and 
ability to take maximum advantage of 
today’s rapid rate of scientific progress. 

This has been well stated in the 
Rockefeller report: “A nation can 
achieve a basic advantage if it is able ei- 
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ther to develop or to produce weapons 
more rapidly than its opponents. One 
of the major weaknesses in our strate- 
gic posture has been our inordinately 
long lead time.” 

The Soviets, too, recognize the over- 
riding importance of time. In 1958, 
Marshal Blagonravov, a member of the 
U.S.S.R. Academy of Sciences, said, 
“It is easy to see that precisely the time 
element is the decisive factor which 
should be grasped in the competition 
with the capitalist countries in the field 
of technology.” 

Lieut. Gen. B. A. Schriever, Com- 
mander of the Air Research and Devel- 
opment Command, has frequently 
stated that the pacing factor in weapon 
system development no longer is the 
rate of advance in scientific state of the 
art. Instead, we now progress only as 
fast as our organizational, manage- 
ment, and administrative talent can 
capitalize on that scientific progress. 

This thesis was stressed by the Von 
Neumann Committee in its report urg- 
ing acceleration and reorientation of 
the Atlas ICBM program in 1954. 

It also formed the basis of the stream- 
lined procedures (the “Gillette Com- 
mittee procedures”) which were ap- 


plied to the Air Force ballistic missile 
program in 1955 by the Office of the 
Secretary of Defense and by the Depart- 
ment of the Air Force. 

In the management of the Air Re- 
search and Development Command our 
objective will be to apply these pro- 
cedures to the over-all program. 


HE mission of ARDC, as stated in 

Air Force Regulations, is to: 

1. Attain and maintain qualitative 
superiority of aeronautical and allied 
equipment and to conduct or supervise 
scientific and technical studies required 
to accomplish the Air Force missions. 

2. Seek new basic knowledge for de- 
veloping improved aeronautical equip- 
ment, weapons, and techniques. 

3. Develop and recommend new and 
improved devices and systems for con- 
ducting and supporting air warfare, 
including complete weapon systems, 
techniques, and procedures. 

In other words we direct our efforts 
to anticipate the most effective de- 
velopments to meet future Air Force 
mission requirements and to bring 
them to operational readiness as soon 
as possible within the technological 
state of the art. 

If we are to accomplish this objec- 
tive, two concepts must be appreciated. 
First, we must initiate developments 
based on the scientific and technical 
feasibility of obtaining the necessary 
fundamental knowledge and of devel- 
oping the essentia! components and sys- 
tems on schedule. 
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For example, our all-out ICBM pro- 
gram was initiated based on the judg 
ment of a group of eminent scientists, 
headed by Dr. von Neumann, that 
such a system was technically feasible. 
None of the elements of the system ex- 
isted in 1954. We had no lightweight, 
high-yield warhead. We had no nose 
cone that had reentered at Mach 24. 
We had no suitable guidance system. 
We had no suitable rocket power plant. 

Though none of the major subsys 
tems of an ICBM were in existence, the 
Von Neumann group and other scien- 
tists had little doubt that an ICBM, 
taking advantage of the thermonuclear 
break-through, was technically feasi- 
ble and would provide an effective 
weapon system. 

Their judgment has been more than 
vindicated in the Thor and Atlas which 
are operational today. 

There can be little doubt that the 
majority of military space systems must 
be developed in this same manner if we 
are to compress time. It would be costly 
in time and would lead to early obsoles- 
cence should we follow a policy of not 
initiating a weapon system develop- 
ment program until all its subsystems 
are fully developed and on the shelf. 

Weapon system development based 
on technical feasibility therefore re- 
quires that the military: 

1. Conduct a vigorous research, ap- 
plied-research,. and component-develop- 
ment program. 

2. Conduct constant evaluation and 
analysis of the above activities, aided 
by science and industry, to ensure 
timely initiation of weapon system de- 
velopment programs. 

3. Centrally manage and control ur- 
gent weapon-system programs to ensure 
effective systems engineering, integra- 
tion, and testing which are essential to 
the intricate technical interface between 
and among the several subsystems com- 
prising the total weapon system. 


HE second concept in compressing 

lead time springs from competence 
and confidence in implementing the 
first concept. This is the concept of con- 
currence which optimizes the devel- 
oper-operator relationship. This is best 
explained by dissecting a weapon sys- 
tem. 

A weapon system consists of much 
more than the components which are 
developed and tested. It also requires 
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the industrial base for its production, 
the operational facilities for its opera- 
tion and maintenance, the training fa- 
cilities and instructors to train the op- 
erational personnel, the command and 
communications system for its opera 
tional control, the supply and transpor- 
tation system for its support, and finally 
the people organized and trained to op- 
erate and maintain the weapon. 

The challenge, of course, is lead 
time, and this varies for each element, 
exceeding forty months for some. It is 
quite obvious that total lead time is 
vastly increased by a sequential-series 
approach, in which lead times for each 
major program element accumulate as 
each successive step is taken. 

In the Atlas program, however, us- 
ing the concurrence approach, opera- 
tional and training bases ‘were under 
construction at Vandenberg- Air. Force 
Base prior to the launch of the first 
test missile from Cape Canaveral. 

Thus a compressed timetable is made 


Lunar probe vehicle leaves the 
launching pad (Air Force photo). 


possible by the management concept of 
concurrence, wherein each element of 
the total weapon system is integrated 
into a single plan, program, and budget 
and is implemented concurrently, con- 
sistent with lead-time requirements. 

As an example of concurrence at 
work, the Thor IRBM has been de 
ployed in numbers in the United King 
dom only 3% years after signing the 
initial contract with the Douglas Air 
craft Corporation. 


LTHOUGH a 

the Air Research and Develop 
ment Command is located within the 
continental United States, recent years 
have seen its activities expand around 
the world. About seven years ago, the 
European Office of ARDC was acti- 
vated at Brussels, Belgium, and has 
been quite effective in contracting for 
research with leading scientists in the 
friendly nations of Europe and the 
Near East. 

Further, with entry into the ballistic- 
missile and space age, ARDC responsi- 
bilities and activities have truly become 
global. The Atlantic Missile Range un- 
der the management of the Air Force 
Missile Test Center of ARDC extends 
from Cape Canaveral to Ascension Is 


major portion ol 


land—a distance of about 5,500 nautical 
South Atlantic. Also, 
tracking operations for the Discoverer 


miles over the 
satellite program have required the lo 
cation of tracking stations not only at 
Vandenberg AFB, 
Hawaii and Alaska. 

The major portion of the Command, 


Calif., but also in 


however, is located within the conti 
nental United States. Headquarters is 
located at Andrews Air Force Base 
near Washington, D. C., and it is from 
that the 


ARDC are planned, directed, and man 


here worldwide activities of 
aged. 

To carry out the Air Force research 
and development program, four major 
field mariagement organizations have 
been established—(1) the Air Force 
Ballistic Missile An- 


geles, Calif., which. is responsible for 


Division at Los 


the development of ballistic missiles 
and space systems; (2) the Wright Air 
Development Division at Dayton, Ohio, 
which is responsible for the develop- 
ment of flight vehicles; (3) the Air 
Force Command and Control Develop- 
ment Division near Boston, Mass., 
which is responsible for system and in- 
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tersystem development of all intelli- 
gence, communications, and control 
electronic systems; and (4) the Air 
Force Research Division at Washing- 
ton, D. C., which formulates and man- 
ages the Air Force program of basic 
research. 

These major management segments 
of ARDC are supported by research, 
development, and test centers spread 
across the country. These are the Air 
Force Flight Test Center in the Mojave 
Desert of California; the Air Force Spe- 
cial Weapons Center at Albuquerque, 
N. Mex.; the Arnold Engineering De 
velopment Center at Tullahoma, Tenn.; 
the Air Proving Ground Center at Eg- 
lin Air Force Base, Fla.; the Air Force 
Missile Development Center at Alamo- 
gordo, N. Mex.; and the Air Force 
Missile Test Center at Patrick Air Force 
Base, Fla. 

Also assigned to the Air Research 
and Development Command is the 
Armed Services Technical Information 
Agency located in Washington, D. C., 
which provides a central service for the 
Department of Defense for the inter- 
change of scientific and technical infor 
mation among the services and its con 
tractors to promote progress and to pre- 
vent unnecessary duplication. 


The Air Force Ballistic Missile Divi- 
sion is responsible for the management 
and = space-vehicle 
developments. Among the projects 
managed by AFBMD are the Thor 
IRBM, the Atlas, Titan, and Minute- 
man ICBM’s, military satellite systems 
like the Midas missile defense alarm 
system, the Samos strategic surveillance 
satellite, and numerous special-purpose 
satellites and scientific space probes de 
veloped either for the Air Force pro- 
gram or in support of the programs of 
the other and the National 
Aeronautics and Space Administration. 

To carry out its booster-development 
responsibilities, the Air Force Beallis- 
tic Missile Division has charge of the 
Directorate of Missile Captive Tests 
with its large and elaborate rocket test 
facilities located at Edwards AFB. 


of _ ballistic-missile 


services 


The Wright Air Development Divi- 
sion at Wright-Patterson Air Force 
Base, Dayton, Ohio, manages the de 
velopment of flight vehicle systems in- 
cluding manned aircraft (the Dyna- 
Soar being the most advanced manned 
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vehicle in development); missiles to be 
used with aircraft systems (like the 
Hound Dog and the ALBM_ air- 
launched ballistic missile); and ground- 
launched missiles other than ballistic 
types (the Bomarc, for instance). 

Associated with this weapon systems 
development responsibility is the ad- 
vancement of the state of the art and 
knowledge in such fields as airborne 
electronics, propulsion, materials, and 
aerospace medicine. 

In short WADD is responsible for 
research and development of weapon 
systems and associated equipment and 
techniques to operate in the environ- 
ments of both atmosphere and space. 


The Air Force Command and Con- 
trol Development Division \ocated at 
Hanscom Field, Mass., manages the de- 
velopment of command and control 
systems necessary for data collection, 
processing, transfer, and display, as 
well as other developments necessary to 
permit the exercising of weapon com- 
mand and executive control associated 
with Air Force operations. It ensures 
the proper integration of ground elec- 
tronic detection and control systems 
and associated weapons, such as the in- 
tegration of the SAGE system with the 
F-102 and the Bomarc. 

This division also is responsible for 
developing new techniques and compo- 
nents to advance the state of the art in 
these areas and for planning for the fu- 
ture with respect to these critical com- 
mand and control systems. 


The Air Force Research Division, 
Washington, D. C., manages the basic 
research program of the Air Force, 
working closely with the universities 
and research groups of this country and 
with the scientists in friendly nations 
around the world. It is also instrumen- 
tal in recommending Air Force re- 
search policy. 

Besides the headquarters in Wash- 
ington, other important segments are 
the European Office located at Brussels, 
Belgium, and the Aeronautical Re- 
search Laboratory located at Wright- 
Patterson Air Force Base. 


Turning now to a quick review of 
the development and test centers, the 
Air Force Flight Test Center at Ed- 
wards Air Force Base in ‘the Mojave 
Desert of California conducts the flight 


testing of the latest research, prototype, 
and production aircraft and aircraft 
components and conducts research and 
development related to such tests. 

One of the major flight programs be- 
ing carried on there is the X-15, a re- 
search aircraft designed to fly faster 
than 4,000 miles an hour and to reach 
altitudes of 50 to 100 miles. 

The Flight Test Center houses four 
Government agencies—an important 
tenant being the National Aeronautics 
and Space Administration which has 
located its High-Speed Flight Test 
Facility there and participates with the 
Air Force in joint research programs 


like the X-15. 


The Air Force Special Weapons Cen- 
ter at Kirtland Air Force Base, Albu- 
querque, N. Mex., conducts research, 
development, engineering, and testing 
in the field of nuclear energy. This in- 
cludes nuclear weapons and nuclear 
power applications, associated phe- 
nomena and environments. In short, 
AFSWC is responsible for research and 
development of techniques and equip- 
ment to employ nuclear energy advan- 
tageously in the accomplishment of Air 
Force missions. 

The Special Weapons Center also 
supports the Atomic Enegry Com- 
mission in carrying out its nuclear test- 
ing program in the Pacific and in Ne- 
vada, and will participate in future 
nuclear testing within the atmosphere 
and in space, if and when such testing 
is resumed by our Nation. 


The Arnold Engineering Develop- 
ment Center located at Tullahoma, 
Tenn., is the wind-tunnel center of 
ARDC and is a major aerodynamic 
research and test center in the national 
unitary wind tunnel plan. 


The Air Proving Ground Center at 
Eglin Air Force Base, Fla., plays a vital 
role in that 
weapon systems and supporting equip- 
ment will effectively perform their mis- 
sions when assigned to operational users. 
A number of important test and devel 
opment tasks, therefore, are assigned to 
this Center. 


assuring conventional 


The Air Force Missile Development 
Center located at Alamogordo, N. Mex., 
is another valuable facility for the sup- 
port of aerospace research, development. 
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and testing. Over its highly instru- 
mented range, which is integrated into 
the White Sands Proving Ground of 
the Army and recently has been further 
augmented by flight-test corridors ex- 
tending 650 miles to the Wendover im- 
pact area, are tested short-range guided 
weapons such as the Falcon air-to-air 
missiles and the Mace surface-to-surface 
tactical missile. 

Geophysical and aeromedical research 
are supported through the launching of 
space probes like the Aerobee rockets 
and high-altitude balloons. 

The 35,000-foot high-speed captive 
missile test track is particularly val- 
uable in the development and test of in- 
ertial guidance system components and 
establishing the limits of human endur- 
ance to acceleration and deceleration. 


The Air Force Missile Test Center 
at Patrick AFB, Fla., operates the At- 
lantic Missile Range—the largest mis- 
sile proving ground in the free world. 
Perhaps, it is the most prominent of 
our centers in the news today. From 
Cape Canaveral, this range extends over 
5,000 nautical miles into the South At 
lantic beyond Ascension Island. 

The Center conducts long-range mis 
sile research and development flight 
tests and collects and evaluates flight 
data for the Air Force, Army, Navy, 
other governmental agencies and mis- 
sile contractors. 

The range, moreover, is a major 
launching site for the Nation’s satellite 
and space programs. 


bese Air Research and Development 
Command, therefore, with its field 
management divisions and centers, rep 
resents an invaluable national resource 
for pushing out the frontiers of knowl- 
edge and human performance essential 
to preserving our national security and 
advancing both military and peaceful 
objectives in space. 

In terms of manpower, the Command 
numbers about 44,000 persons—about 
half of them military and the other half 
civilian. Of the ARDC working force, 
about half are technical, including sci- 
entists, engineers, laboratory aides, elec- 
tronics technicians, aircraft mechanics, 
and other technical specialists. 

The other half of the force supports 
the technical mission through the nec- 
essary legal, contractual, medical and 
other required support services. So 
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“We are engaged today in a 
technological war of time, and 
our capability to maintain a 
superior force depends 
upon our determination and 
ability to take maximum ad- 
vantage of today’s rapid rate 
of scientific progress.” 





much for the quantitative aspects of the 
ARDC personnel picture. 


MONG the recent past accomplish- 
ments and present programs of 
ARDC and its personnel are: 

1. The X-2 which was flown up to 
2,060 m.p.h. and an altitude of 126,000 
feet, the highest and fastest that man 
had flown before the X-15 flights. 

2. The F-106 which set the world 
speed record of 1,525 m.p.h. in Decem- 
ber 1959. 

3. The B-58, a supersonic interconti- 
nental bomber capable of speeds beyond 
1,300 m.p.h, 

4. The Thor intermediate-range bal- 
listic missile with a range of 1,500 nau- 
tical miles which has gone into opera- 
tional use in the United Kingdom. 

5. The Atlas, intercontinental ballistic 
missile with a range of 5,500 miles 
which went into operational status in 
late 1959. 

6. The Titan, also a 5,500-mile ICBM 
now in the flight-test stage. 

7. The Minuteman, a second-genera- 
tion ICBM of the solid-propellant type 
which will be much smaller and 
cheaper than the Atlas or Titan. 

8. The Discoverer satellite which has 
been most valuable in developing tech- 
niques and equipment to launch and 
place satellites in orbit, to stabilize them 
in flight, and to obtain biomedical in- 
formation essential to developing the 
future capabilities of man in space. 

9. The Midas, a military satellite 
which will detect the launch of enemy 
ballistic missiles as they leave the earth’s 
atmosphere by detecting the heat radi 
ated by their rocket engines. 

10. The X-15, a research vehicle 
leading to man-in-space programs of 
the future, which will carry man to 
speeds of over 4,000 miles an hour and 
to altitudes ranging from 50 to 100 
miles, 

11. The Dyna-Soar, which is de- 
signed to place a manned glider in 
flight around the earth. 


Research and development in the 
aerospace age is big business and re- 
quires astute management to assure the 
greatest return from the many dollars 
invested. 

In this fiscal year 1960, the total dol 
lars invested are about 3 billion. About 
$386 million of this amount is required 
for command operations—in other 
words, the cost to keep the plant run- 
ning with pay of civilian personnel, 
fuel, electricity, and other overhead 
costs. An additional $1,052 million, ap- 
proximately, supports the research and 
development operation—the greater part 
of this money going on contract to the 
universities, research groups, and indus- 
trial companies of our country. Thus, a 
total of about $1 billion, $438 million 
is charged directly to the Air Force re- 
search and development budget. 


UPPLEMENTING this amount are 

production and procurement funds 
which provide aircraft, missiles, and 
other equipment to support the devel 
opment-testing program. These ac 
counts total about $1 billion, $560 mil- 
lion—thus bringing the grand total of 
money made available for research and 
development to about $2 billion, $998 
million for fiscal year 1960. 

In terms of real estate, such as air 
fields, missile test sites, fixed facilities, 
and laboratory equipment, an invest 
ment of about $2 billion has been ac 
cumulated and modernized 
years. 

To put the Air Research and Devel 
opment Command in perspective, it is 
the focal point for essentially all re 
search and development in the Air 
Force to serve the needs of the operat- 
ing commands. In carrying out its mis- 
sion, it works closely with the other 
military services, such as the Army and 
Navy, and with other Government agen- 
cies like the National Aeronautics and 
Space Administration, the Atomic En 
ergy Commission, and the Department 


over the 


of Commerce. 

This, then, is the Air Research and 
Development Command—an organiza 
tion working in the present but look- 
ing to the future. Its objective is to de 
velop advanced systems on a timely and 
economical basis in close coordination 
with all components of the Department 
of Defense and the United States Gov- 
ernment which are engaged in research 
and development. 
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Soviet Metrology 


Premier Khrushchev demands umproved standards and a dynamic program 


N an address to the 21st Congress 

of the Communist Party of the 

Soviet Union on the “Development 
of the National Economy of the 
U.S.S.R. in 1959-1965,” Nikita Khrush- 
chev demanded increased efforts and 
results in the fields of standards and 
metrology. The Communists plan to 
produce 2 times more control equip- 
ment in 1965 than in 1958 and a com- 
parable increase in measuring equip 
ment. The following is quoted from the 
address: 


ee HE provision of the necessary 

basis for the increase inthe amount 
of measuring equipment used in indus- 
try is the task of the scientific research 
institutions, design bureaus, and the en 
tire instrument-making industry. 

“The scientific work of the metro- 
logical institutes grows from year to 
year. In 1958, prototypes of new meas 
uring devices, plants and methods were 
developed. 

“The schedule of the scientific re- 
search institutions of the Commission 
Measures and Measur 
ing Devices for 1959-1965 includes ror 
large scientific research problems. As 
a result of their solution the national 
economy will receive several hundreds 


of Standards, 


of measures, measuring devices, plants, 
and methods. 

“A considerable amount of develop- 
ment work is planned in the field of 
thermal, optical, radioelectrical, mag- 
netic, and acoustic measurements, and 
also in the fields of measuring super- 
high pressures and ionizing* radiation 
(electron, X-ray, beta and gamma ra 
diation). Standard and master instru- 
ments will be developed with the object 
of expanding the range and increasing 
the accuracy of measurements in these 
fields and also in the fields of force, 


296 


angular velocity, acceleration, and 
measurements of short periods of time. 

“The lagging behind of metrological 
science and engineering in the fields of 
gas analysis, the measurement of large 
discharges of liquids and gases and 
temperatures close to absolute zero, and 
also in the development of theoretical 
problems of metrology must be over- 
come. 

“In the Seven-Year Plan of scientific 
research work in the field of metrology 
it is intended to devote much attention 
to the problems of the automation of 
measurement and control of finished 
components and articles and their au- 
tomatic inspection during the manufac- 
turing process. 

“In order to provide the basis for the 
development of automation it is also 
necessary to carry out the standardiza- 
tion of types, parameter ranges, dimen- 
sions of connections, technical require- 
ments, and the methods of testing of 
the principal means of automatic con- 
trol and regulation. 

“The automation of measuring proc- 
esses is one of the most effective means 
of increasing the productivity of labor 
in inspection work. However, until 
now the automation of processes in the 
inspection of measures and devices has 
been extremely slow. For the Seven 
Year period ahead of us a considerable 
amount of work has been scheduled in 
this direction. Methods of automatically 
recording the indications of precision 
balances must be developed and the 
automation of some linear, heat, and 
electrical measurements carried out, etc. 

“One of the most important condi- 
tions for the development of the engi- 
neering industry is the design and con- 
struction of machines and devices based 
on the utilization of the latest achieve- 
ments and discoveries of science and 
technology and especially of electronics, 


superconductivity, ultrasonics, radioac- 
tive isotopes, semiconductors, nuclear 
energy, etc. This leads to the need for 
utilizing the latest achievements of sci- 
ence and technology in the develop- 
ment of measuring techniques and the 
construction of the most up-to-date 
measuring devices and plants. Much 
work will be carried out in this direc- 
tion in the next few years—the develop- 
ment of new standards for magnetic 
units by using the phenomena occur- 
ring inside the atom, by using semi- 
conductors for temperature measure- 
and by using radioactive 
linear and temperature 


ments, 
radiation for 
measurements, etc. 

“Problems of the utmost importance 
must be solved in the standardization 
of measuring methods. They include 
above all the standardization of elec- 
tronic measuring devices for measur- 
ing ionizing equipment 
for spectral, photometrical, and colori- 
metric analyses. The standardization of 
equipment for linear, mechanical, heat 
and electrical must be 
continued.” 


radiation, 


measurements 


ROM the above, it is clear that the 
Soviet industrial 
stand fully the importance of maintain- 
ing an adequate standards service and 


planners under- 


the necessity of having precision meas 
uring equipment relating to these 
standards available for the necessary in- 
spection throughout their industrial 
complex. They particularly stress the 
importance of automatic equipment. 
It is to be hoped that the United 
States national program in standards 
and the application of modern metrol- 
ogy to our production will continue to 
make sufficient progress to maintain 
our present lead in this vital field. 
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~ HOUDAILLE Rotary Hydraulic 
Shock Absorbers... Fully protected 


. e s 
for long life in any climate, any 
- 
envi ronment s s s Wheeled and tracked vehicles used 


by the military may see service in any part of the world. That’s why 
sO Many suspension systems are equipped with Houdaille Rotary 
Hydraulic Shock Absorbers. 

These rugged shocks use a dyester blend silicone base fluid to 
achieve greater temperature adaptability from —65° to + 160°F. And 
Houdaille Rotary Hydraulic Shock Absorbers have no external 
working parts, are sealed for protection from dirt, dust and mud. 
You can even operate them under water. 

Life cycle tests of 6,500,000 cycles produce negligible wear on 
the surfaces of these shocks, and strong castings and forgings 
stand up under the severest ride conditions. Another advantage is 
easy service and repair. An externally adjustable orifice regulates 
damping torque. A removable plug permits periodic inspection of 
fluid level in replenishing chamber. 


a 


U.S. Army Photograph 
Tactical System Test Set built by Emerson Electric of St. Louis ModelT116 full tracked amphibious Cargo Carrier rides smooth- 
for use by the U.S. Air Force in checking strategic aircraft er with Houdaille Rotary Hydraulic Shock Absorbers. Built 
systems, employs Houdaille Rotary Hydraulic Shock Absorbers _ by Pacific Car & Foundry, the T116 is designed to carry vital 
to cushion electronic equipment. military supplies over the most rugged terrain. 


ia. . Send this coupon for engineering bulletins giving 
&:-Houdaille prtormancs coves snd sche den on Heel 
= a 
ndustries,Inc. 


BUFFALO HYDRAULICS DIVISION yp» 
541 East Delavan Avenue . Buffalo 11, New York 


... Specialists in hydraulic damping and vibration control City State 
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Electronics Ground Support 

















Please write for our Ground Support Brochure 


From nebulous idea to exact Mil-Spec in the finished product—American Electronics’ Ground Support 
Division has the ‘‘can do" to cover every phase of your Electronics Ground Support needs. With years 
of depth in electronics skills keyed to Ground Support applications, this experienced group of spe- 
cialists ensures mastery of support techniques imperative in meeting ultra critical military requisites 
Whatever your function in the total defense picture, when seeking proven electronic ground support 
capability —to develop and deliver precision products with utmost reliability—look to the Ground 
Support Division of American Electronics for complete assistance and service. 


exoeerns =A) AMERICAN ELECTRONICS, INC. 


OPPORTUNITIES 
AVAILABLE rE) GROUND SUPPORT DIVISION 


2112 NORTH CHICO AVENUE, EL MONTE, CALIFORNIA 
TELEPHONE CUMBERLAND 3-7151 


PRODUCERS OF PORTABLE POWER + AIR CONDITIONING + MECHANICAL SUPPORT + ELECTRONIC SUPPORT +» GROUND SUPPORT SYSTEMS 
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The following companies have shown by their interest in the design and production of ordnance that they are ready 
to serve the United States through industrial preparedness for national security and peace. Such companies as these 
are indicative of the industrial strength of the Nation upon which the military might of the armed forces depends. 
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€) SIGNAAL produces a wide variety of complex 


electronic and mechanical equipment. 
The emphasis throughout is on the 
design of complete systems rather 
than on disconnected units. The 
principal products of the company 

are automatic weapon control systems, 
radar systems, and the automatic air 
traffic control system SATCO, using 
the latest types of digital computers 


and electronic data processing techniques. 





Signaal fully realizes the present-day 
need for complete integration of warning 
and fire control equipment to make the 
best use of all available weapons. The 
company is now able to offer automatic 
and integrated naval weapon control 
systems providing long range warning, 
aircraft control, target indication, 

and fire control against air, surface 


and underwater targets. 


N.V. HOLLANDSE SIGNAALAPPARATEN Hengelo — Netherlands 
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Look to Parsons for PERFORMANCE 


AEROSPACE ENGINEERING—Second to None 


Unlike legendary Aquila, the Eagle, whose powerful wings carried 

him into the heavens, man, in his conquest of space, must depend upon 
Imaginative Engineering. Parsons’ resourcefulness in Imaginative 
Engineering has been demonstrated on a wide variety of Aerospace 
projects for industry and government. Close liaison between all operating 
and service groups permits efficient and economical handling of projects 


of any size. 


The Ralph M. Parsons Company, Los Angeles, United States Offices: 
Pasadena, Houston, Huntsville, New York, Washington. International 
Offices: Asmara, Baghdad, Bangkok, Beirut, Cairo, Calgary, Dacca, 
Djakarta, Jeddah, Karachi, London, New Delhi, Paris, Teheran, Tokyo, 


Toronto. 


WORLD-WIDE SERVICES: ax HITECT-ENGINEERING * PETROLEUM-CHEMICAL ENGINEERING * CONSTRUCTION ¢ ELECTRONIC SYSTEMS 


AND COMPONENTS © WATER DEVELOPMENT AND SYSTEMS ¢* APPRAISALS AND ECONOMIC STUDIES * PLANT OPERATION * PERSONNEL TRAINING 











Bell's HIgh PERformance NAvigation System — symbolized. 


HIPERNAS! 


It can pinpoint a long-range missile on target. Guide a 
satellite or space ship to any point in the universe. 
Regulate the predetermined course of a surface vessel 
or submarine to any spot on the seven seas — by any 
route, however circuitous. 

In manned vehicles, it will give exact position — even 
without an atmosphere — independent of gravity, sea, 
wind, and weather conditions — without fixes on hori- 
zon or stars — after days and weeks of travel. 

This is Hipernas, a self-compensating, pure inertial 
guidance system developed by Bell’s Avionics Division. 
Designed for the U.S. Air Force, Hipernas is so versa- 


tile that a whole family of related systems has been 
engineered for application in any environment — sea, 
sky, or space. 

The system introduces new Bell BRIG gyros. Its 
accelerometers and digital velocity meters are already 
operational in missile and space guidance systems. 
Hipernas — and many other systems such as the Air 
Force GSN-5 and the Navy’s SPN-10 All-Weather 
Automatic Landing Systems — typify Bell’s capabil- 
ities in the broad field of electronics. This diversity of 
activities offers an interesting personal future to qual- 
ified engineers and scientists. 


Avionics Division 
BELL AEROSYSTEMS COMPANY 
BUFFALO 5, N.Y. 











